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A KEY 


TO  ALL  THE 

OUESTIONvS  AND  EXAMPLES 

CONTAINED  IN  THE 

EXA.MINATION  QUESTIONS 
Included  in  the  Preceding  Volumes. 


The  various  Keys  composing-  this  volume  have  been  given 
the  same  section  numbers  as  the  Examination  Questions  to 
which  they  refer;  and  the  answers  and  solutions  have  been 
numbered  to  correspond  with  the  questions.  In  many 
instances,  the  answer  to  a question  would  involve  a repe- 
tition of-  statements  given  in  the  Instruction  Papers;  hence, 
in  all  such  cases  the  student  has  been  referred  to  an  article 
in  the  Instruction  Paper,  the  reading  of  which  will  enable 
him  to  answer  the  que.stion  himself. 

To  be  of  the  greatest  benefit,  the  Keys  sliould  be  used 
sparingly.  They  should  be  used  much  in  the  same  manner 
as  a pupil  would  go  to  a teacher  for  instruction  with  regard 
to  answering  some  example  he  was  unable  to  solve.  If  used 
in  this  manner,  the  Keys  will  be  of  great  help  and  assist- 
ance to  the  student,  and  will  be  a source  of  encouragement 
to  him  in  studying  the  various  papers  composing  the  Course. 
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ARITHMETIC. 

(QUESTIONS  1-75.  SECS.  1-3.) 


(1)  See  Art.  1., 

(2)  See  Art.  3. 

(3)  vSee  Arts.  5 and  G. 

(4)  See  Arts.  1 0 and  1 1 . 

(5)  980  = Nine  hundred  eighty. 

005  = Six  hundred  five. 

28,284  =;  Twenty-eight  thousand  two  hundred  eighty-four. 
9,00(5,042  = Nine  million  six  thousand  forty-two. 
850,317,002  = Eight  hundred  fifty  million  three  hundred 
seventeen  thousand  two. 

700,004  = Seven  hundred  thousand  four. 

(0)  Seven  thousand  six  hundred  = 7,600. 

Eighty-one  thousand  four  hundred  two  81,402. 

Five  million  four  thousand  seven  =:  5,004,007. 

_ One  hundred  eight  million  ten  thousand  one  108,- 


010,001. 

Eighteen  million  six  = 18,000,006. 

Thirty  thousand  ten  = 30,010. 

(7)  In  adding  whole  numbers,  place  3 2 9 0 
the  nmnbers  to  be  added  directly  under  5 0 4 

each  other  so  that  the  extreme  right-  8 6 5 4 0 3 
hand  figures  will  stand  in  the  same  col-  2 0 7 4 
umn,  regardless  of  the  position  of  those  8 1 

at  the  left.  Add  the  first  column  of  fig-  7 

ures  at  the  extreme  right,  which  equals  8 7 1 3 5 9 Ans. 
19  units,  or  1 ten  and  9 units.  We  place 
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9 units  under  the  units  column,  and  reserve  1 ten  for  the 
column  of  tens.  l-|-84-7  + 9 = 25  tens,  or  2 hundreds  and 
5 tens.  Place  5 tens  under  the  tens  column,  and  reserve  2 
hundreds  for  the  hundreds  column.  2 4 -j- 5 -f  2 = 13 
hundreds,  or  1 thousand  and  3 hundreds.  Place  3 
hundreds  under  the  hundreds  column,  and  reserve  the  1 
thousand  for  the  thousands  column.  1+2  + 5-}- 3 = 11 
thousands,  or  1 ten  thousand  and  1 thousand.  Place  the 
1 thousand  in  the  column  of  thousands,  and  reserve  the 
1 ten  thousand  for  the  column  of  ten  thousands.  1 + G = 7 
ten  thousands.  Place  this  7 ten  thousands  in  the  ten 
thousands  column.  There  is  but  one  figure,  S,  in  the  hun- 
dreds of  thou.sands  place  in  the  numbers  to  be  added, 
so  it  is  placed  in  the  hundreds  of  thousands  column  of  the 
sum. 

A simple  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following;  7 + 1+  4 + 3 + 4+  0 19;  write 

the  9 and  reserve  the  1.  1 + 8 + 7 + 0 + 0 + 9 = 25 ; write 
the  5 and  reserve  the  2.  2 + 0 + 4+  5 + 2 rr  13;  write  the 
3 and  reserve  the  1.  1+2  + 5 + 3=11;  write  the  land 

reserve  1.  1+G  = 7;  write  the  7.  Bring  down  the  8 to 

its  place  in  the  sum. 

(8)  7 0 9 

‘ 8304725 

3 9 1 
100302 
3 0 0 
9 0 9 

8 4 0 7 3 3 G Ans. 

(9)  (c?)  In  subtracting  whole  numbers,  place  the  subtra- 
hend, or  smaller  number,  under  the  minuend,  or  larger 
number,  so  that  the  right-hand  figures  stand  directly  under 
each  other.  Begin  at  the  right  to  subtract.  We  cannot 
subtract  8 units  from  2 units,  so  we  take  1 ten  from  the  G 
tens  and  add  it  to  the  2 units.  1 ten  = 10  units,  so  we 
have  10  i:nits+2  units  = 12  units.  Then  8 units  from  12 
units  leaves  4 units.  We  took  1 ten  from  G tens,  so  only  5 
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tens  remain.  3 tens  from  5 tens  leaves  2 
tens.  In  the  hundreds  column  we  have  3 5 0 9 0 2 
hundreds  from  9 hundreds  leaves  0 hun-  5 3 3 8 
dreds.  We  cannot  subtract  3 thousands  4 7 0 2 4 Ans. 
from  0 thousands,  so  we  take  1 ten  thou- 
sand from  5 ten  thousands  and  add  it  to  the  0 thousands. 
4 ten  thousand  = 10  thousands,  and  10  thousands -f- 0 thou- 
sands = 10  thovisands.  Subtracting,  we  have  3 thousands 
from  10  thousands  leaves  7 thousands.  We  took  1 ten  thovi- 
sand  from  5 ten  thousands  and  have  4 ten  thousands 
remaining.  Since  there  are  no  ten  thousands  in  the  subtra- 
hend, the  4 in  the  ten  thousands  column  in  the  minuend  is 
brought  down  into  the  same  column  in  the  remainder, 
because  0 from  4 leaves  4. 

{b)  1 5 3 3 9 

1 0 0 0 1 
5 3 3 8 Ans. 

(K»)  (I'O  7 0 9 G 8 {b)  1 0 0 0 0 0 

3 2 i)  7 5 9 8 7 3 5 

3 7 9 9 3 Ans.  1 2 G 5 Ans. 

(11)  We  have  given  the  minuend  or  greater  number 
(1,004)  and  the  difference  or  remainder  (49).  Placing  these 

10  0 4 

in  the  usual  form  of  subtraction,  we  have  in  which 

4 9 

the  dash  ( ) represents  the  number  sought.  This  num- 

ber is  evidently  less  than  1,004  by  the  difference  49,  hence, 
1,004  — 49  = 955,  the  smaller  number.  For  the  sum  of  the 

1 0 0 4 larger 

two  numbers  we  then  have  9 5 5 smaller 

1 9 5 9 sum.  Ans. 

Or,  this  problem  may  be  solved  as  follows:  If  the  greater 
of  two  numbers  is  1,004,  and  the  difference  between  them 
is  49,  then  it  is  evident  that  the  smaller  number  must  be 
equal  to  the  difference  between  the  greater  number  (1,004) 
and  the  difference  (49);  or,  1,004  — 49  = 955,  the  smaller 
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number.  Since  the  greater  number  equals  1,004  and  the 
smaller  number  equals  ‘J-55,  their  sum  equals  1,004 -f- 955 
= 1,959.  Ans. 

(12)  The  numbers  connected  by  the  plus  (-f)  sign  must 
first  be  added.  Performing  these  operations  we  have 
5 9 0 2 * 3 8 7 4 

8 4 7 1 2 0 .3  9 

•*  5 9 13  sum. 

2 3 4 5 0 sum. 


Subtracting  the  smaller  number 
(23,450),  we  have 

2 3 4 5 0 
5 9 1 3 


(5,!)  13)  from  the  greater 


1 7 5 4 3 difference.  Ans. 


(13)  $ 4 4 0 7 5 = amount  willed  to  his  son. 

2 0 3 8 0 = amount  willed  to  his  daughter. 

$ 7 1 0 5 5 ==  amount  willed  to  his  two  children. 

$125  0 00  = amount  willed  to  his  wife  and  two 
children. 

7 1 0 5 5 — amount  willed  to  his  two  children. 


$ 5 3 9 4 5 = amount  willed  to  his  wife.  Ans. 


(rt) 


(14)  In  the  multiplication  of  whole  numbers,  place  the 
multiplier  under  the  multiplicand,  and  multiply  each  term 
of  the  multiplicand  by  each  term  of  the  multiplier,  writing 
the  right-hand  figure  of  each  product  obtained  under  the 
term  of  the  multiplier  which  produces  it. 

7 times  7 units  = 49  units,  or 
4 tens  and  9 units.  We  write 
the  9 rinits  and  reserve  the  4 
tens.  7 times  8 tens  = 5G  tens; 
5G  -|-  4 tens  reserved  = 60  tens,  or  6 hundreds  and  0 tens. 
Write  the  0 tens  and  reserve  the  6 hundreds.  7x3  hundreds 
= 21  hundreds;  21+0  hundreds  reserved  = 27  hundreds, 
or  2 thousands  and  7 hundreds.  Write  the  7 hundreds  and 
reserve  the  2 thousands.  7x0  thousands  = 42  thousands ; 


5 2 6 3 8 7 

7 

3 0 8 4 7 0 9 Ans. 
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42  + 2 thousands  reserved  = 44  thousands,  or  4 ten  thou- 
sands and  4 thousands.  Write  the  4 thousands  and  reserve 
the  4 ten  thousands.  7X2  ten  thousands  =14  ten  thou- 
sands; 14  + 4 ten  thousands  reserved  = 18  ten  thousands, 
or  1 hundred  thousand  and  8 ten  thousands.  Write  the  8 
ten  thousands  and  reserve  the  1 hundred  thousand.  7x5 
hundred  thousands  = 35  hundred  thousands;  35+1  hun- 
dred thoiisand  reserved  = 36  hundred  thousands.  Sinee 
there  are  no  more  fig’ures  in  the  multiplieand  to  be  multi- 
plied, we  write  the  36  hundred  thousands  in  the  product. 
This  completes  the  multiplication. 

A simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following: 

7 times  7 = 49 ; write  the  9 and  reserve  the  4.  7 times 

8 = 56;  56  + 4 reserved  = 60;  write  the  0 and  reserve  the  6. 
7 times  3 = 21;  21  + (!  reserved  = 27;  write  the  7 and 
reserve  the  2.  7x6  = 42;  42  + 2 reserved  = 44;  write  the 

4 and  reserved.  7X2  = 14;  14  + 4 reserv^ed  = 18;  write 
the  8 and  reserve  the  1.  7X5  = 35;  35  + 1 reserved  = 36; 

write  the  36. 

In  this  case  the  multiplier  is 
17  iinits,  or  1 ten  and  7 units,  so 
that  the  product  is  obtained  by 
adding  two  partial  products, 
namely,  7x700,298  and  10 
X 700,298.  The  actual  opera- 
tion is  performed  as  follows: 

7 times  8 = 56;  write  the  6 and  reserve  the  5.  7 times  9 

= 63 ; 63  + 5 reserved  = 68 ; write  the  8 and  reserve  the  6. 
7 times  2 = 14;  14  + 6 reserved  = 20;  write  the  0 and 
reserve  the  2.  7 times  0 = 0;  0 + 2 reserved  = 2;  write 

the  2.  7 times  0 = 0;  0 + 0 reserved  = 0;  write  the  0. 

7 times  7 = 49;  49+0  reserved  = 49;  write  the  49. 

To  multiply  by  the  1 ten  we  say  1 times  700,298  = 700,- 
298,  and  write  700,298  tmder  the  first  partial  product,  as 
shown,  with  the  right-hand  figure  8 vtnder  the  multiplier  1. 
Add  the  two  partial  products;  their  sum  equals  the  entire 
product. 


{b)  7 0 0 2 9 8 



4902086 
700298 
1 1 9 0 5 0 6 6 Ans. 
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{c)  2 17  Multiply  any  two  of  the  numbers 

10  3 together  and  multiply  their  product  by 
(5  5 X the  third  number. 

2 17  0 
2 2 3 5 1 

^ 

1 5 G 4 5 7 
13  4 10  6 

1 4 9 7 5 1 7 Ans. 

(15)  If  your  watch  ticks  every  second,  then  to  find  how 
many  times  it  ticks  in  1 week,  it  is  necessary  to  find  the 
number  of  seconds  in  one  week, 

G 0 seconds  = 1 minute. 

G 0 minutes  = 1 hour. 

3 6 0 0 seconds  = 1 hour. 

2 4 hours  ==  1 day. 

1 4 4 0 0 

7 2 0 0 

8 G 4 0 0 seconds  = 1 day. 

7 days  = 1 week. 

6 0 4 8 0 0 seconds  in  1 week,  or  the  number  of  times  thar 
your  watch  ticks  in  1 week.  Ans. 

(IG)  If  a monthly  publication  contains  24  pages,  a yearlj 
2 4 volume  will  contain  12  X 24,  or  288  pages 
1 2 since  there  are  12  months  in  one  year;  and 
2 8 8 eight  yearly  volumes  will  contain  8 X 288, 

8 or  2,-304  pages. 

2 3 0 4 Ans. 

(17)  If  an  engine  and  boiler  are  worth  |!3,24G,  and  the 
building  is  worth  3 times  as  much,  plus  81,200,  then  the 
bt;ilding  is  worth 

8 3 2 4 6 

X 3 

9  7 3 8 
+ 12  0 0 


1 1 0 9 3 8 = value  of  building. 
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If  the  tools  _are  worth  twice  as  much  as  the  building,  plus 
$1,875,  then  the  tools  are  worth 

$ 1 0 9 3 8 
X 3 


2 1 8 7 G 
18  7 5 


$2  3 7 5 1 = value  of  tools. 


value  of  the  buildiug 
and  tools,  {a)  Ans. 


Value  of  building  = $ 1 0 9 3 8 
Value  of  tools  = 2 3 7 5 1 

$34689 

Value  of  engine  and 

boiler  = $ 3 2 4 6 

Value  of  building  and 

tools  ==  3 4 6 8 9 

$ 3 7 9 3 5 = value  of  the  whole 
plant,  (l^)  Ans. 

(18)  (a)  (72x48x28x5)-?-(96xl5x7x6). 

Placing  the  numerator  over  the  denominator  the  problem 
becomes 

72  X 48  X 28  X 5 


96X15X7X6 


— ? 


The  5 in  the  dividend  and  15  in  the  divisor  are  both  divis- 
^ible  by  5,  since  5 divided  by  5 equals  1,  and  15  divided  by  5 
equals  3.  Cross  off  the  5 and  write  the  1 over  it;  also,  cross 
off  the  15  and  write  the  3 under  it.  Thus, 


72  X 48  X 28  X ^ _ 

96x;px7x6  “ 

3 

The  5 and  15  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  1 and  3 placed  in  their 
stead,  and  treated  as  if  the  5 and  the  15  never  existed.  Thus, 

72  X 48  X 28  x 1 


96X3X7X6 
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72  in  the  dividend  and  !)G  in  the  divisor  are  divisible  by 
12,  since  72  divided  by  12  equals  0,  and  9G  divided  by  12 
equals  8.  Cross  off  the  72  and  write  the  G over  it;  also,  cross 
off  the  ‘JG  and  write  the  8 under  it.  Thus, 

6 

/7^x48x28xl  ^ 

P0X3X7X6 

8 

The  72  and  96  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  G and  8 placed  in  their 
stead,  and  treated  as  if  the  72  and  96  never  existed.  Thus, 

6X48X28X1  _ 

8X3X7XG  “ 

Again,  28  in  the  dividend  and  7 in  the  divisor  are  divisible 
by  7,  since  28  divided  by  7 equals  4,  and  7 divided  by  7 equals 
1.  Cross  off  the  28  and  write  the  4 over  it;  also,  cross  off  the 
7 and  write  the  1 under  it.  Thus, 

4 

fix48X^^Xl  ^ 

8x3X/7xG  ~ 

1 

The  28  and  7 are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  4 and  1 placed  in  their 
stead,  and  treated  as  if  the  28  and  7 never  existed.  Thus, 

6X48X4X1  _ 

8X3X1XG  “ 

Again,  48  in  the  dividend  and  G in  the  divisor  are  divisible 
by  G,  since  48  divided  by  6 equals  8,  and  6 divided  by  G 
ecjuals  1.  Cross  off  the  48  and  write  the  8 over  it;  also,  cross 
off  the  G and  write  the  1 under  it.  Thus, 

8 

6x^^x4xl  _ 

8x3xlx^  — 

1 
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The  48  and  6 are  not  to  be  considered  any  longer, 
and,  in  fact,  may  be  erased  entirely  and  the  8 and  1 placed 
in  their  stead,  and  treated  as  if  the  48  and  G never  existed. 
Thus, 

GX8X4X1 _ 

8X3X1 Xl  “ 

Again,  G in  the  dividend  and  3 in  the  divisor  are  divisible 
by  3,  since  G divided  by  3 equals  2,  and  3 divided  by  3 
equals  1.  Cross  off  the  G and  write  the  2 over  it;  also,  cross 
off  the  3 and  write  the  1 under  it.  Thus, 

2 

X 8 X 4 X 1 _ 

Hx^xlxl ~ 

1 

The  G and  3 are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  2 and  1 placed 
in  their  stead,  and  treated  as  if  the  G and  3 never  existed. 
Thus, 

2x8x4xl _ 

8X1X1X1  “ 

Canceling  the  8 in  the  dividend  and  the  8 in  the  divisor, 
the  result  is 

1 

2x^x4xl  _ 2x1 X4xl 
^xlxlxl  “ IxlxlxT 
1 

vSince  there  are  no  two  remaining  numbers  (one  in  the 
dividend  and  one  in  the  divisor)  divisible  by  any  number 
except  1,  without  a remainder,  it  is  impossible  to  cancel 
further. 

Multiply  all  the  uncanceled  numbers  in  the  dividend 
together,  and  divide  their  product  by  the  product  of 
all  the  uncanceled  numbers  in  the  divisor.  The  result 
will  be  the  quotient.  The  product  of  all  the  uncanceled 
numbers  in  the  dividend  equals  2XlX4xl  = 8;  the 
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product  of  all  the  uncanccled  numbers  in  the  divisor 
equals  1 X 1 X 1 X 1 = 1. 


Hence, 


2 X 1 X 4 X 1 
ixixixi 


Ans. 


Or, 


2 1 

0^41 
;-,^XrI^x2^X/>  _ 8 
^)^x;^x/7x>)  “ 1 

1 1 


Ans. 


(/;)  (80  X 00  X 50  X 1 0 X 14)  ^ (70  x 50  X 24  X 20). 

Placing  the  numerator  over  the  denominator,  the  problem 
becomes 

80X00X50X10X  14  , 

70  X 50  X 24  X 20  “ ' 


The  50  in  the  dividend  and  70  in  the  divisor  are  both  divis- 
ible by  10,  since  50  divided  by  10  equals  5,  and  70  divided  by 
10  equals  7.  Cross  off  the  50  and  write  the  5 over  it;  also, 
cross  off  the  70  and  write  the  7 iinder  it.  Thus, 

5 

80x00x^0x10x14  _ 

/7p  X 50  X 24  X 20  ~ 

7 

The  50  and  70  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  5 and  7 placed  in  tlieir 
stead,  and  treated  as  if  the  50  and  70  never  existed.  Thus, 

80X00X5X10X14  _ 

7 X 50  X 24  X 20  “ 

Also,  80  in  the  dividend  and  20  in  the  divisor  are  divisible 
by  20,  since  80  divided  by  20  equals  4,  and  20  divided  by  20 
equals  1.  Cross  off  the  80  and  write  the  4 over  it ; also,  cross 
off  the  20  and  write  the  1 under  it.  Thus, 

4 

^0x00x5x10x14  _ 

7x50x24x^0 

1 
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The  80  and  20  are  not  to  be  considered  any  lon^tjer,  and, 
in  fact,  may  be  erased  entirely  and  the  4 and  1 placed  in 
their  stead,  and  treated  as  if  the  80  and  20  never  existed. 
Thus, 

4X60X5X16X14  _ 

7X50X24X1  ~ 

Again,  16  in  the  dividend  and  24  in  the  divisor  are  divisible 
by  8,  since  16  divided  by  8 equals  2,  and  24  divided  by  8 
equals  3.  Cross  off  the  16  and  write  the  2 over  it;  also,  cross 
off  the  24  and  write  the  3 under  it.  Thus, 

2 

4x60xr)x;fixl4  _ 

7x50x24x1 

3 

The  16  and  24  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2 and  3 placed  in  their 
stead,  and  treated  as  if  the  16  and  24  never  existed.  Thus, 

4X60X5X2X14  _ 

7X50X3X1  “ 

Again,  60  in  the  dividend  and  50  in  the  divisor  are  divis- 
ible by  10,  since  60  divided  by  10  equals  6,  and  50  divided 
by  10  equals  5.  Cross  off  the  60  and  write  the  6 over  it; 
also,  cross  off  the  50  and  write  the  5 under  it.  Thus, 

6 

4x00x5x2x14  _ 

7 X ;50  X 8 X 1 ~ 

5 

The  60  and  50  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  6 and  5 placed  in  their 
stead,  and  treated  as  if  the  60  and  50  never  existed.  Thus, 

4X6X5X2X14  _ 

7 X 5 X 3 X 1 ~ 

The  14  in  the  dividend  and  7 in  the  divisor  are  divisible  by 
7,  since  14  divided  by  7 equals  2,  and  7 divided  by  7 equals  1. 
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Cross  off  the  14  and  write  the  2 over  it;  also,  cross  off  the  7 
and  write  the  1 under  it.  Thus, 

2 

4x0x5x2x;4  _ 

yx5x3xl  — 

1 

The  14  and  7 are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2 and  1 placed  in  their 
stead,  and  treated  as  if  the  14  and  7 never  existed.  Thus, 

4X6 X 5X2X2 _ 

1 X 5 X 3 X 1 “ 

The  5 in  the  dividend  and  the  5 in  the  divisor  are  divisible 
by  5,  since  5 divided  by  5 equals  1.  Cross  off  the  5 of  the 
dividend  and  write  the  1 over  it;  also,  cross  off  the  5 of  the 
divi.sor  and  write  the  1 under  it.  Thus 

1 

4x6x/ix2x2  _ 

IxpxSxl  ~ 

1 

The  5 in  the  dividend  and  5 in  the  divisor  are  not  to  be 
considered  any  longer,  and,  in  fact,  may  be  erased  entirely 
and  1 and  1 placed  in  their  stead,  and  treated  as  if  the  5 and 
5 never  existed.  Thus, 

4XGX1X2X2  _ 

1X1X3X1  “ 

The  G in  the  dividend  and  3 in  the  divisor  are  divisible  by 
3,  since  6 divided  by  3 equals  2,  and  3 divided  by  3 equals  1. 
Cross  off  the  6 and  place  the  2 over  it;  also,  cross  off  the  3 
and  place  the  1 under  it.  Thus, 

2 

4x0xlx2x2 _ 

lXlX;3Xl  “ 

1 

The  6 and  3 are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  2 and  1 placed  in 


1 


ARITHMETIC. 


13 


their  stead,  and  treated  as  if  the  0 and  3 never  existed. 
Thus, 


4 X 2 X 1 X 2 X 2 _ 32  _ 
iXlXiXl  “ 1 ~ 


Ans. 


Hence, 

2 1 

4 f)  r>  2 2 

^0 X ()0 X 30 X X 14  _ 4x2xlx2x2  _ 32  _ 
,7p X f)0 X 2,4 X 2p  ~ Ixlxlxl  ~ T ~ 

y 1 

111 


(19)  28  acres  of  land  at  $133  an  acre  would  cost 

28X8  1 3 3 = 13,724 

^ 

10  6 4 
2 6 6 
8 3 7 2 4 


If  a mechanic  earns  81,500  a year  and  his  expenses  are  8968 
per  year,  then  he  would  save  8 1 5 0 0 — 8968,  or  8532  per  year. 

9 6 8 
8 5 3 2 

If  he  saves  8532  in  1 year,  to  save  83, 724  it  would  take  as 
many  years  as  8532  is  contained  times  in  83,724,  or  7 years. 

532)3724(7  years.  Ans. 

3 7 2 4 


(20)  If  the  freight  train  ran  365  miles  in  one  week,  and 
3 times  as  far  lacking  246  miles  the  next  week,  then  it  ran 
(3  X 365  miles)  — 246  miles,  or  849  miles  the  second  week. 
Thus, 

3 6 5 

3 

10  9 5 
2 4 6 


differe)ice  8 4 9 miles.  Ans. 
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(21)  The  distance  from  Philadelphia  to  Pittsburg  is  354 
miles.  Since  there  are  5,28U  feet  in  1 mile,  in  354  miles 
there  are  354  X 5,280  feet,  or  1,83!),  120  feet.  If  the  driving 
wheel  of  the  locomotive  is  IG  feet  in  circumference,  then  in 
going  from  Philadelphia  to  Pittsburg,  a distance  of  1,830,120 
feet,  it  will  make  1,830, 120 -j- 13,  or  113,820  revolutions. 

13)183  0 1 2 0(113820  rev.  Ans. 

1 3 
2 3 
1 6 
10  0 
0 6 
13  1 
12  8 
3 2 
3 2 


(22)  (rt)  573)58  0 824(1024  Ans. 

5 7 3 
13  8 2 
115  2 
2 3 0 4 
2 3 0 4 

(/;)  4 3 0 1 1 ) 3 3 0 7 3 0 3 2 0 ( 8 4 2 0 Ans. 

351288 
184423 
175644 
8 7 8 2 2 
8 7 8 2 2 

{c)  505)2  5 2 7525(5005  Ans. 

2 5 2 5 

2 5 2 5 
2 5 2 5 
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(d)  1234)4001794  3 03(4020903  Ans. 

4 9 3 0 
2 5 7 9 
2 4 0 8 
1114  3 
1110  0 

3 7 0 2 
3 7 0 2 

(23)  The  harness  evidently  cost  the  difference  between 
8444  and  the  amount  which  he  paid  for  the  horse  and  wagon. 
vSince  8204  -j-  81 53  = 8417,  the  amoiint  paid  for  the  horse  and 
wagon,  8444  — 8417  = 827,  the  cost  of  the  harness. 


8 2 G 4 

8 4 4 4 

1 5 3 

4 17 

8 4 17 

8 2 7 Ans. 

(24)  {a) 

(0 

10  2 4 

5 0 0 5 

4 3 9 1 1 

5 7 G 

5 0 5 

8 4 3 0 

G 1 4 4 

2 5 0 2 5 

878220 

7 1 G 8 2 i 

5 0 2 5 0 

1 7 5 G 4 4 

5120  2527525  Ans. 

351288 

5 8 9 8 2 4 Ans. 

3G  9 730G20  Ans. 

(25)  Since  there 

are  12  months  in 

a year,  the  number  of 

days  the  man  works  is  25  X 12  = 300  days.  As  he  works  10 

/ 

hours  each  day,  the  number  of  hours  that  he  works  in  one 


year  is  300x10  = 3,000  hours.  Hence,  he  receives  for  his 
work  3,000x30  = 90,000  cents,  or  90,000  ^ 100  = 8900.  Ans. 
(2G)  See  Art.  71. 

(27)  See  Art.  77. 

(28)  See  Art.  73. 

(39)  See  Art.  73. 

(30)  See  Art.  75. 

(31)  is  an  improper  fraction,  since  its  numerator,  13,  is 
greater  than  its  denominator,  8. 

(32)  4^;  14y^^;  85-^. 
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(33)  To  reduce  a fraction  to  its  lowest  terms  means  to 
change  its  form  withovit  changing  its  value.  In  order  to  do 
this,  we  must  divide  both  numerator  and  denominator  by  the 
same  number  until  we  can  no  longer  find  any  number  (except  1 ) 
which  will  divide  both  of  these  terms  without  a remainder. 

To  rediice  the  fraction  A to  its  lowest  terms,  we  divide 
both  numerator  and  denominator  by  4,  and  obtain  as  a result 

4-4-4  4 -=-4 

the  fraction  i Thus,  - _ ^ = i;  similarly,  — _ ^ = i; 

8-4-4  2^2  ,32-4-8  4^4 

— _ — 1-  — _ — JL  Ans 

32^4  8-4-2  64^8  8h-4  ~ 2- 


(34)  When  the  denominator  of  any  number  is  not 
expressed,  it  is  understood  to  be  1,  so  that  f is  the  same  as 
6-4-1,  or  6.  To  rediice  -f  to  an  improper  fraction  whose 
denominator  is  4,  we  must  multiply  both  numerator  and 
denominator  by  some  number  which  will  make  the  denomi- 
nator of  6 equal  to  4.  vSince  this  denominator  is  1,  by  multi- 


plying both  terms  of  f by  4 we  shall  have 


6X4 

1X4 


= which 


has  the  sa7)ic  value  as  6,  bxit  has  a differc7it  fo7-m.  Ans. 


(35)  In  order  to  reduce  a mixed  number  to  an  improper 
fraction,  we  miist  multiply  the  whole  number  by  the 
denominator  of  the  fraction  and  add  the  numerator  of 
the  fraction  to  that  product.  This  result  is  the  numerator 
of  the  improper  fraction,  of  which  the  denominator  is  the 
denominator  of  the  fractional  part  of  the  mixed  niimber. 


means  the  same  as  7 + 1. 


there  are  7 X f = 


Ai! 

8 


In  1 there  are  f,  hence  in  7 
plus  the  of  the  mixed  number 


— Afi-LI.  — 

— 8 n 8 — 


— AJL 
8 ^ 


which  is  the  rcqiiired  improper  fraction. 


_ (I3xl<0  + r, 
■'*  “ 1C 


2JJL-  103.  — 
18  » — 


(10x4)4-3 


— 4_3 

— 4 • 


(30)  The  value  of  a fraction  is  obtained  by  dividing  the 
numerator  by  the  denominator. 

To  obtain  the  value  of  the  fraction  we  divide  the 
numerator,  13,  by  the  denominator,  2.  2 is  contained  in  13, 

6 times,  with  1 remaining.  This  1 remaining  is  written 
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over  the  denominator,  2,  thereby  making-  the  fraction  t, 
which  is  annexed  to  the  whole  number,  (>,  and  we  obtain 
as  the  mixed  number.  The  reason  for  performing^  this 
operation  is  the  following:  In  1 there  are  f (two  halves),  and 
in  (thirteen  halves)  there  are  as  many  ones  (1)  as  2 is 
contained  times  in  i:l,  which  is  (i,  and  i (one-half)  remain- 
ing. Hence,  k/-  = (i  + |-  — Gk,  the  retpiired  mixed  number. 

A ns. 


17  — J.1-  iil  — 4-JL-  L'i 

"T'  — ^ 4 > 1 G — ^ 1 6 > 8 


o . fi  7 _ 1 Ji 

^ > 6 4 — ^6  4- 


(:57)  In  division  of  fractions,  invert  the  divisor  (or,  in 
other  words,  turn  it  upside  down)  and  then  proceed  as  in 
midtiplication. 


LO 

35-4V  - 

- 3 5 V 1 ^ 
~ 1 '5' 

— o5XlG  — 

- 1X5  - 

Ans. 

(^0 

^1-= 

II 

. 9 ^1  _ fxi  _ 0 _ 

j%.  x\ns. 

+ ) 

-y-h  = 

1 7 • 9 „ 

2 • 1 ■“ 

_ 17yl  — ^‘Xl  — J7 
- — 4 y (J  ~ 

Ans. 

(^) 

0 

1 1 3 

• 7 

— 1 1 3 V 

— 6 4 

16  113X1G  1808  4 

52  — 113 

6 4 

• 1 0 

^ G4X7  ' 

12  — 28- 

28  ) 1 1 3 ( 4^8-  ^^ns. 

1 1 2 
1 

(c)  15|-t-4|  = ? Before  proceeding  with  the  divi.sion, 

reduce  both  of  the  mixed  numbers  to  improper  fractions. 

Thus,  15|  = 

32  -f  3 


— 3J5 

— "S'’ 


+ _ 63  .,,,a43  _(-^X8)+3 

4 — 4 ~ ‘4  ) ^8  — y 

The  problem  is  now  ^ = ? As 


8 

'e, 

G3  X 8 — ^8^  — 2j>_2  La 

4X35  “ - ‘7  0-  - 35  - -5  • 


before,  invert  the  divisor  and  midtiply;  ==  ^rX^5 


(38) 


1+2  + 5 


1-4-2  15  _ 

8~8~8  — y — 8 


18 

■5  ) 1 8 ( 3f. 

Li 

3 

1.  A ns. 


Ans. 


When  the  denominators  of  the  fractions  to  be  added  are 
alike,  we  know  that  the  units  are  divided  into  the  same 
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number  of  parts  (in  this  case  eighths) ; we,  therefore,  add  the 
numerators  of  the  fractions  to  find  the  number  of  parts 
(eighths)  taken  or  considered,  thereby  obtaining  | or  1 as 
the  sum. 


(39)  When  the  denominators  are  not  alike  we  know  that 
the  units  are  divided  into  unequal  parts,  so  before  adding 
them  we  must  find  a common  denominator  for  the  denomi- 
nators of  all  the  fractions.  Reduce  the  fraetions  to  fractions 
having  this  common  denominator,  add  the  numerators,  and 
write  the  sum  over  the  common  denominator. 

In  this  case,  the  least  common  denominator,  or  the  least 
number  that  will  eontain  all  the  denominators,  is  10;  hence, 
we  must  reduce  all  these  fractions  to  lOths  and  then  add 
their  numerators. 

] + I + re  = ? To  reduce  the  fraction  ^ to  a fraction 
having  1(J  for  a denominator,  we  must  multiply  both  terms 
of  the  fraction  by  some  number  which  will  make  the 

1X4 

denominator  10.  This  number  evidently  is  4;  henee,  — 

4X4 

4 

— 1 «• 

Similarly,  both  terms  of  the  fraetion  f must  be  multiplied 

3X2 

by  2 to  make  the  denominator  10,  and  we  have  h ""  = VV- 

’ 8X2 


The  fractions  now  have  a common  denominator,  1(!;  hence, 
we  find  their  sum  by  adding  the  numerators  and  plaeing 
their  sum  over  the  eommon  denominator,  thus;  + re  ’i"  A 
4 -f  0 + 5 


10 


J 5 

— 10- 


Ans. 


(40)  When  mixed  numbers  and  whole  numbers  are  to  be 
added,  add  the  fraetional  parts  of  the  mixed  numbers  sep- 
arately, and  if  the  resulting  fraction  is  an  impr<4per  fraction, 
reduce  it  to  a whole  or  mixed  number.  Next,  add  all  the  whole 
numbers,  including  the  one  obtained  from  the  addition  of  the 
fractional  parts,  and  annex  to  their  sum  the  fraction  of  the 
mixed  number  obtained  from  reducing  the  improper  fraction. 

42 31f  + 9y^^  = ? Reducing  | to  a fraction  having  a 

5 X 2 

denominator  of  10,  we  have  - , = Adding  the  two 

’ 8x2 
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fractional  parts  of  the  mixed  numbers,  we  have 


lU  + 7 
IG 


17  — 
1 (T  “ 


IrV- 


10  _J_  _7 
16  1 1 7 


The  problem  now  becomes  42  + 31  + ^ + lyV  — ^ 

4 2 Adding-  all  the  whole  numbers  and  the  number 

3 1 obtained  from  adding  the  fractional  parts  of  the 
9 mixed  numbers,  we  obtain  Hoj'-g-  as  their  sum. 


8 3y‘jj  Ans. 


(H) 

1 - 

« 8X2 


2ilJ+50J  + 41+0!lA  = ? -I  = = H- 

— 1_  0 1 2 I 1 0 I — 12  ~{~  19  4"  •>  — 2 6 — 1 _9_ 

— IG-  16“lG~lG  — 2(J  — 10  — ^16‘ 


The  problem  now  becomes  29  + 50  + 41  -1-09-1-1  nr  = ? 


2 9 scpuirc  inches. 

5 0 square  inches. 

4 1 square  inehes. 

G 9 square  inehes. 

lyOg-  square  inehes. 

I 9 Oy”y-  square  inehes.  Ans. 


1 G 


(42)  (+  ^ = = 

T1 
]^y  TG 


X23 

3 


=.  Ill  371.  Ans. 


The  line  between  7 and  y^y  means  that  the  7 is  to  be  divided 

3 

ii  — 11^  1 — 1'7  y 8 . _ 3 

I 3 2 - 8 32  ^ 


(0 


Ans. 


4 + 3 

2^G 


7 

8X5 


7 

4 0- 


(See  Art.  131.)  Ans. 


(43)  = value  of  the  fraction,  and  28  = the  numerator. 

We  find  that  4 multiplied  by  7 = 28,  so  multiplying  8,  the 
denominator  of  the  fraction,  by  4,  we  have  32  for  the  required 
denominator,  and  ||  - Hence,  32  is  the  required  denomi- 

nator. Ans. 
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(44)  (^^)  g-  — tV  = ? When  the  denominators  of  frac- 

tions are  not  alike,  it  is  evident  that  the  units  are  divided  into 
unequal  parts;  therefore,  before  subtracting’,  reduce  the  frac- 
tions to  fractions  having  a common  denominator.  Then, 
subtract  the  numerators  and  place  the  remainder  over  the 
common  denominator. 

= 14  14_  7 ^ 14-7 

8X2  IG 


— J7_ 

1 G- 


Ans. 


(/-')  115  — 7yg  = ? This  problem  may  be  solved  in  two 

ways: 

First:  13  — 12fjl,  since  =:  l,andl2|f  = 12  + tI  ==  1^ 
+ 1 = h). 

1 2 J I AVe  can  now  subtract  the  whole  numbers  separately, 
7-fjj-  and  the  fractions  separately,  and  obtain  12  — 7 = 5, 


5^  andH-yL^ 


lG-7 

IG 


_9_ 

— 16* 


5 + tV  = 5y%.  Ans. 


Second : by  reducing  both  numbers  to  improper  fractions 
having  a denominator  of  IG. 


13  rr  JL3- 


1 1_9 

— 1 6 • 


^XlG 
1 XlG 


2J)_R 

1 6 • 


(7xlG)  + 7 112-1-7 


1 6 


Subtracting,  we  have  — Jy^-  = 


IG 

208  — 1 IG 
IG 


IG 


— .5.9.  and  — - 

— 16  1 6) 


= 1 G ) 8 G ( 
8 0 
G 


the  .same  result  that  was  obtained  by  the 
first  method.  Ans. 


(f)  312y\  — 22G^\-  = ? We  first  reduce  the  fractions  of 

the  two  mixed  numbers  to  fractions  having  a common 

G X2 


denominator.  Doing  this,  we  have  yt5- 


16X2 


= if.  AVe 


can  now  subtract  the  whole  numbers  and  fractions  separately, 

I g ^ 

and  have  312  — 22G  = 83,  and  if  — — “33 — ’ — if- 


3 1 2ff 


2 2G*  83  + ff  = 83Lf. 


32 

Ans. 


8 3if 
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(45)  The  man  evidently  traveled  S5y'^^ -h tV  + 
miles.  Adding-  the  fractions  separately  in  this  case, 

5 I !)  I 1 7 _ I 3 I 1 7 _ H’">  + 252  + 204  _ g^3  1 _ ^ 21  1 

I 'l  “T  1 T ”1  53-  ~ 1 2 “T  ^ “I  TS-  — I Oi  I — 4 2 ff  — ^ -1  •’  ^■ 


420 


4 2 7- 


Adding  the  whole  numbers  and  the  mixed  num- 
ber representing  the  sum  of  the  fractions,  the  sum 
is  289|^j  miles.  Ans. 

To  find  the  least  common  denominator,  we  have 
5 ) 12,  5,  35 


8 5 

7 8 

1 2 5 

1 21 1 
^ 4 2 0 


7)12,  1, 


12,  1,  1,  or  5X7X12  = 420. 


(4G) 


2 1 G|  tons. 


4 3 2 

5 — 40 

A — 25 
8 — 4 0 


difference  3 5 7^^^  tons.  Ans. 


= difference. 


(47)  Reducing  fit  to  an  improper  fraction,  it  becomes 

Multiplying  by  I,  X | — V2'  ■ 3i;}  dollars.  Ans, 

(48)  Referring  to  Arts.  114  and  1 1 (>, 

•|  of  f of  y’j  of  15.  of  II  multiplied  by  1 of  of  45 

3 

15 

_ 2x3x7xl0x  11x7x5x45  7x10x7x5x3  1.3,005 


;■!  X 4 X ; ,I  X 20  X 1 X 8 X fi  X 1 
4 ^ 

= lOOJ./y.  Ans. 


4x4x8 


C 


128 


3 70  70  3 

(49)  I of  10  = ^X  ^ = 12.  12--I  = Y><5  = 

(50)  211  {-XTg-  = -4'-X  y>  reducing  the  mixed  numbers 

to  improper  fractions.  -511  x 5/  = ■ cents  = amount 

o ^ 

paid  for  the  lead.  The  number  of  pounds  sold  is  evidently 

2,5.35 

12,075  . 72,075  2 2,5.35 


22 


ARITHMETIC. 


§1 


. . . •0111  1-07  3,535 

amount  remaining"  is  2l I — l.")8 = -r- 

2,535  845  ^ 

= -j-^  = 52||  pounds.  Ans, 


3,380 

10 


•C 

£3 


(51)  .08  = Eight  hniKlredths. 


•5  "o 
c 3 

dJ  ^ 


13  1=  07ie  inmdj-eit  thirty- P7te  t housandtlis. 


• 'O 

.S  c 

I ^ 

g O 


g c 


0 0 0 1 = teii-thoiisandth 


T3  r- 

(11  ~ 


• -d 


O) 


£3  'C  5 
2 P a 

■s  ^ .2 

e c ^ 
r n 

(C 


0 0 0 0 2 7=  T7ve^tfy-se7^6*n  mUMout}\s» 


tfi 


. tr 

.2  £ 

8 § 


VU  rt 

r/1  •d 


c S 5 3 
<y  2 ^ 0) 

4-1  A 4-» 

0 10  8 = One  h2i7idred  eight  ten-tliousaudtlis. 


y?  « 


. d 

1 « 

'2  3 

o 

A 


93.0  1 0 1 = Ninety-three,  and  6?;;^ ten-thousandtlis. 
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In  reading-  decimals,  read  the  number  just  as  you  would  if 
there  were  no  ciphers  before  it.  Then  count  from  the  aeei- 
mal  point  towards  the  right,  beginning  with  tenths,  to  as 
many  places  as  there  are  figures,  and  the  name  of  tlie  last 
figure  must  be  annexed  to  the  previous  reading  of  the  figures 
to  give  the  decimal  reading.  Thus,  in  the  first  example 
above,  the  simple  reading  of  the  figure  is  eight,  and  the  name 
of  its  position  in  the  decimal  scale  is  liumlre<lt  hs,  so  that 
the  decimal  reading  is  eight  liumlro<lt  lis.  Similarly,  the 
figures  in  the  fourth  example  are  ordinarily  read  twenty- 
seven ; the  name  of  the  position  of  the  figure  7 in  the  decimal 
scale  is  millionths,  giving,  therefore,  the  decimal  reading 
as  tiventy-seven  millionths. 

If  there  should  be  a whole  number  before  the  decimal 
]X)int,  read  it  as  you  would  read  any  whole  number,  and  read 
the  decimal  as  you  would  if  the  whole  number  were  not 
there;  or,  read  the  whole  number  and  then  say,  “and”  so 
many  hundredths,  thousandths,  or  whatever  it  may  be,  as 
“ ninety-three,  and  one  hundred  one  ten- thousandths.  ” 

(52)  See  Art.  139. 

(53)  See  Art.  153. 

(54)  See  Art.  1 GO. 

, (55)  A fraction  is  one  or  more  of  the  equal  parts  of  a unit, 
and  is  expressed  by  a numerator  and  a denominator,  while  a 
decimal  fraction  is  a number  of  tenths,  hundredths,  thou- 
sandths, etc.  of  a unit,  and  is  expressed  by  placing  a period 
(.),  called  a decimal  point,  to  the  left  of  the  figures  of  the 
number,  and  omitting  the  denominator. 

(5G)  See  Art.  1G5. 

(57)  To  reduce  the  fraction  to  a decimal,  we  annex  one 
cipher  to  the  numerator,  which  makes  it  l.U.  Dividing  1.0, 
the  numerator,  by  2,  the  denominator,  gives  a quotient  of  .5, 
the  decimal  point  being  placed  before  the  one  figure  of  the 
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quotient,  or  .5,  since  only  one  cipher  was  annexed  to  the 
numerator. 


7 

8)7.000 
5 

^ 32  ) 5.0  0 0 0 0 ( .1  5 6 2 5 


Since  .Go  = 
then,  must  equal 
.(i5.  Or,  when  the 
denominator  is  10, 
100,  1,000,  etc.,  point 
off  as  many  places 
in  the  numerator  as 
there  are  ciphers  in 
the  denominator. 
Doing  so,  = -65. 

Ans. 


3 2 
1 8 0 
1 6 0 
2 0 0 
1 9 2 
8 0 
G 4 
1 G 0 
1 G 0 


I 2 


Ans. 


.125. 


Ans. 


(58)  (a)  This  example,  written  in  the  form  of  a frac- 

tion, means  that  the  numerator  (32.5 -j- .20  4"  1- '^)  to  be 
divided  by  the  denominator  (4. 7 + 9).  The  operation  is  as 
follows ; 


32.5 + .29 -1-1.5  _ , 

4.7  + 9 “■ 

3 2.5 
+ .2  9 

+ 1-5 

1 3.7  ) 3 4.2  9 0 0 0 ( 2.5  0 2 9 
4.7 

+ 9.0  G 8 9 

G85 
4 0 0 
2 7 4 
1 2 G 0 
1 2 3 3 
2 7 


Ans. 
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Since  there  are  5 decimal  places  in  the  dividend,  and  1 m 
the  divisor,  there  are  5 — 1 or  4 places  to  be  pointed  off  in 
the  quotient.  The  fifth  figure  of  the  decimal  is  evidently 
less  than  5. 

{b)  Here  again  the  problem  is  to  divide  the  numerator, 
which  is  (1.283x8  + 5),  by  the  denominator,  which  is  2.G3. 
The  operation  is  as  follows: 


1.283x8  + 5 
2.G3 


8 + 5 = 13. 

1.2  8 3 

X ^ 

3 8 4 9 
12  8 3 


2.G  3 ) 1 G.G  r 9 0 U 0 ( G.3  4 18  An.s. 
15  7 8 


8 9 9 
7 8 9 
110  0 
10  5 2 
4 8 0 
2 G 3 
2 17  0 
2 10  4 
G G 


589  + 27X1G3-8 


1 G 3 
- 8 

1 5 5 
XG  1 G 
9 3 0 
15  5 
9 3 0 


25  + 39 


5 8 9 
+ 27 
GIG 


9 5 4 8 0 
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6 4)  9 5 4 8 0.0  0 0(  1 4 9 1.8 
6 4 

2 5 3 1 4 

-f3  9 2 5 0 


C 4 

5 8 8 

5 7 r, 

1 2 0 

There  are  three  decimal 

0 4 

places  in  the  cpiotient,  since 

5 0 0 

three  ciphers  were  annexed 

5 1 2 

to  the  dividend. 

4 8 0 

4 4 8 
3 2 0 
3 2 0 


40. C.  + 7.  IX  (3.029 -1.874) 
0.27  + 8.53-8.01 


4 0.0 

3.0  2 9 
-1.8  7 4 

+ 7.1 

l.l  5 5 

4 7.7 

X 4 7.7 

0.2  7 

8 0 8 5 
8 0 8 5 

+ 853 

4 G 2 0 

14.80  G.7  9 ) 5 5.0  9 3 5 0 0 ( 

- 8.0  1 

4 3 2 

0.7  9 

7 7 3 

G decimal  places  in  the 

0 7 9 

dividend  — 2 decimal  places 

9 4 5 

in  the  divisor  = 4 decimal 

0 7 9 

places  to  he  pointed  off  iu 

2 0 G 0 

die  quotient. 

2 0 3 7 

G 2 3 0 
0 111 
1 1 9 

§ 1 


3 9 Ana 
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(59)  .8'J5  _ — hii  — i of  a foot, 

1 foot  = 12  inches. 

3 

f of  1 foot  r=  = V = lOj-  inches.  Ans. 

P 1 

2 

= 1 foot. 

3 1 

— -.i-  1 0 — ^ , — _i_  of  o foot 

4 

(.0  1 5 0 2 5 Ans. 


Point  off  0 decimal  places  in 
the  quotient,  since  we  annexed 
six  ciphers  to  the  dividend,  the 
divisor  containing'  no  decimal 
places;  hence,  0 — 0 = 0 places 
to  be  pointed  off. 


(01)  If  1 cubic  inch  of  water  weighs  .03017  of  a 
pound,  the  weight  of  1,500  cubic  inches  will  be  .03017 
X 1,500  = 54.255  lb. 

, .0  3 0 1 7 lb. 

15  0 0 
1 8 0 8 5 0 0 
3 0 17 

5 4.2  5 5 0 0 1b.  Ans. 

(02)  72.0  feet  of  fencing  at  $.50  a foot  would  cost 

7 2.0  X. 50,  or  $30.30. 

.5  0 
$ 3 0.3  0 0 

If,  by  selling  a carload  of  coal  at  a profit  of  $l.(i5  per 
ton,  I make  $30.30,  then  there  must  be  as  many  tons 


(00)  12  inches 


A of  an  inch 

i (> 


04  ) 1.0  0 0 0 0 0 
(;  4 
3 0 0 
,3  2 0 


4 0 0 
3 8 4 


1 0 0 
12  8 


3 2 0 
3 2 0 
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of  coal  in  the  car  as  1.  G5  is  contained  times  in  36.30,  or  22 
tons. 

1.0  5 ) 3 6.3  0 ( 2 2 tons.  Ans. 

3 3 0 
3 3 0 
3 3 0 


(63)  2 3 1 ) 1 7 8 0 2.0  0 0 0 0 ( 7 7.4  .5  4 5 4,  or  77.4545 

16  17  to  four  decimal 

2 7 2 2 places.  Ans. 

16  17 
10  5 0 
!)  2 4 
12  6 0 
1 1 5 5 
1 0 5 0 
0 2 4 
12  6 0 
115  5 
10  5 0 


1,000  % 


37. 1 3 X. 0052x10x19x350  _ 440,018.047000 
1,000  “ 1,000 
= 440.010  to  three  decimal  jdaces.  Ans. 


3 7.1  3 1 9 3 6 1 

.0  9 5 2 1 9 3 5 0 

7426  171  18050 

18565  10  1083 

33417  361  120350 

3.5  3 4 7 7 6 


3.5  3 4 7 7 6 
126350 
176738800 
10604328 
21208656 
7069552 
3534776 


4 4 6 6 1 8.9  4 7 6 0 0 
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(05)  See  Art.  174.  Applying- rule  in  Art.  175 


(00)  In  subtraetion  of  cleeimals,  plaee  the  deeimal  points 
direetly  under  eaeli  other,  and  proeeed  as  in  the  subtraction 


In  the  above  example  we  proceed  as  follows:  We  cannot 
subtract  4 ten-thousandths  frtim  0 ten-thousandths,  and  as 
there  are  no  thousandths,  we  take  1 hvindredth  from  the  3 
hundredths.  1 hundredth  = 10  thousandths  = 100  ten-thou- 
sandths. 4 ten-thousandths  from  100  ten-thousandths  leaves 

00  ten -thousandths.  90  ten-thousandths  = 9 thousandths 0 
ten-thousandths.  Write  the  0 ten-thousandths  in  the  ten- 
thousandths  place  in  the  remainder.  The  next  fig-ure  in  the 
subtrahend  is  1 thousandth.  This  must  be  subtracted  from 
the  9 thoiisandths,  which  is  a part  of  the  1 hundredth  taken 
previously  from  the  3 hundredths.  Subtracting,  we  have 

1 thousandth  from  9 thousandths  leaves  8 thousandths,  the  8 
being  written  in  its  place  in  the  remainder.  Next  we  have 
to  subtract  5 hundredths  from  2 hundredths  (1  hundredth 
having  been  taken  from  the  3 hundredths  makes  it  but  2 hun- 
dredths now).  Since  we  cannot  do  this,  we  take  1 tenth 
from  0 tenths.  1 tenth  (=  10  hundredths) +3  hundredths 
= 12  hundredths.  5 hundredths  from  12  hundredths  leaves 
7 hundredths.  Write  the  7 in  the  hundredths  place  in  the 
remainder.  Next  we  have  to  subtract  8 tenths  from  5 tenths 
(5  tenths  now,  because  1 tenth  was  taken  from  the  C tenths). 
Since  this  cannot  be  done,  we  take  1 unit  from  the  9 units. 
1 unit  = 10  tenths;  10  tenths-f-5  tenths  = 15  tenths,  and  8 
tenths  from  15  tenths  leaves  7 tenths.  Write  the  7 in  the 


(^^)  7 0 9.  G 3 0 0 

.8514 

7 0 8. 7 7 8 G Ans. 


of  whole  numbers,  placing  the 
decimal  point  in  the  remainder 
directly  under  the  decimal  points 
above. 
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tenths  place  in  the  remainder.  In  the  minuend  we  now 
have  708  units  (1  unit  having  been  taken  away)  and  0 units 
in  the  subtrahend.  0 units  from  708  units  leaves  708  units; 
hence,  we  write  708  in  the  remainder. 


{d)  8 1/J  G 3 

1.7  0 0 


(0 


8 0.2  G 3 Ans. 


1 8.0  0 

.1  8 

1 7.8  2 Ans. 


1.0  0 0 
.0  0 1 

.9  y y An.s. 


{e)  872.1  --(.8721  -}--008)  = ? In  this  problem  we  are  to 

subtract  (.8721  -f  .008)  from  872.1.  First 
perform  the  operation  as  indicated  by  the 
sign  between  the  decimals  enclosed  by  the 
parenthesis. 


.8  7 2 1 
.0  0 8 0 
.8  8 0 1 


Subtracting  the  sum  (obtained  by  adding  the  decimals 
enclosed  within  the  parenthesis)  from 
the  mimber  872.1  (as  required  by  the 
minus  sign  before  the  parenthesis),  we 
8 7 1.2  1 y 9 Ans.  obtain  the  required  remainder. 


First  perform 


8 7 2.1  0 0 0 
.8  8 0 1 


(/)  (5. 028 + . 0073) - (G.  704 -2. 38)  =? 

the  operations  as  indicated  by  the  signs 
between  the  numbers  enclosed  by  the 
parentheses.  The  first  parenthesis  shows 
that  5.028  and  .0073  are  to  be  added.  This 
gives  5.0353  as  their  sum. 

The  second  parenthesis  shows  that 
2.38  is  to  be  subtracted  from  G.  704. 
The  difference  is  found  to  be  4.324. 

The  sign  between  the  parentheses 


5.0  2 8 0 
.0  0 7 3 

5.0  3 5 3 sum. 


G.7  0 i 
2.3  8 0 


4.3  2 4 difference. 

indicates  that  the  quantities  obtained 
by  performing  the  above  operations  are 
to  be  subtracted,  namely,  that  4.324  is 
to  be  subtracted  from  5.0353.  Perform- 


5.0  3 5 3 
4.3  2 4 0 


.7113 

ing  this  operation,  we  obtain  .7113  as  the  final  result. 


Ans. 


(G7)  In  subtracting  a decimal  from  a fraction,  or  in 
subtracting  a fraction  from  a decimal,  either  reduce  the 
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fraction  to  a decimal  before  subtracting’  or  reduce  the 
decimal  to  a fraction  and  then  subtract. 


(a)  i — .807  ==?  I reduced  to  a decimal  becomes  ^ ^ ^ ^ 

» » 8 ) 7.0  0 0 

”~.8  7 5 

Subtracting . 807  from  .875,  the  remain- 
der is  .008,  as  shown. 


.8  7 5 
.8  0 7 

.0  ()  8 Ans. 


{/>)  .875  — f =?  Reducing  .875  to  a fraction,  we  have 


07r,  _ — ill  — 3 5 _ 7.  hence  3.-2 

.mo  — 1000  — 200  — 40  — 8>  ii'-ii'-'-,  g , 

1,  or,  .5.  Ans. 


7-3 


— 4 

— ’8 


Or,  by  reducing  | to  a decimal,  ^ .3  o 0 0 

.3  7 5 

.8  7 7 tracting,  avc  obtain  .875  — .375  = .5  = 

.,‘175  — h same  answer  as  above. 

.5  0 0 Ans. 


(c)  (tVo  ^ perform  the 

operations  as  indicated  by  the  signs  between  the  numbers 
enclosed  by  the  parentheses.  Reduce  to  a decimal  and 
we  obtain  ^ = .15025  (see  example  GO). 

Adding  . 15025  and  .435, 

.1  5 0 2 5 = .21 ; subtracting,  .2  1 

.4  3 5 .(^ 

sum  .5  9 1 2 5 difference  . 1 4 

We  are  now  prepared  to  perform  the  .59125 
operation  indicated  by  the  minus  sign  .1  4 
between  the  parentheses,  which  is,  .4  5 1 2 5 Ans. 


{d)  This  problem  means  that  33  millionths  and  17  thou- 
sandths are  to  be  added.  Also,  that  53  hundredths  and  274 
thousandths  are  to  be  added,  and  the  smaller  of.  these  sums 
is  to  be  subtracted  from  the  larger  sum.  Thus  (.53 -R. 274) 
-(.000033 + .017)  =? 
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.a 

'd 

' § 
CO 

' s 

o 


c3 


^ T) 
H C 


o 

.c 

o c 

rj  o 


.d 

<U  (3 


C d 
p •' 


.0  0 0 0 3 3 
.0  17 


S” ^ .8  0 4 larger  sum. 

■S  "a  .017  0 3 3 smaller  sum. 

* ^ 

S'S  d differ enee  .7  8 0 U G 7 Ans. 

n S o 

.5  3 
.2  7 4 


.0  1 7 0 3 3 stun.  .8  0 4 sum. 

(G8)  In  addition  of  decimals  the 
decimal  points  mi:st  be  placed 
directly  nnder  each  other,  so  that 
tenths  will  come  nnder  tenths,  hun- 
dredths under  hundredths,  thou- 
sandths under  thousandths,  etc.  The 
addition  is  then  performed  as  in 
whole  numbers,  the  decimal  point  of 

the  sum  being'  placed  directly  under  the  decimal  points  above. 


.1  2 5 

rv 

. i 

.0  8 9 
.4  0 0 5 

.9 

.0  0 0 0 


2 7 


2.2  1 4 5 2 7 Ans. 


(G9)  9 2 7.4  1 G 

8.2  7 4 
3 7 2.G 
G 2.0  7 9 3 8 
1 3 7 0. 3 G 9 ,3  8 Ans. 


t/J 

•S 


.4_J  « 

.0  1 7 

.2 

.0  0 0 0 4 7 


.2  1 7 0 4 7 Ans. 


(71)  {a)  There  are 

.10  7 
.0  1 3 
3 2 1 
1 0 7 


3 decimal  places  in  the  multiplicand 
and  3 in  the  multiplier;  hence, 
there  are  3 3 or  G decimal  places 

in  the  product.  Since  the  product 
contains  but  four  figures,  we  pre- 
fix two  ciphers  in  order  to  obtain 
the  necessary  six  decimal  places. 


.0  0 1 3 9 1 Ans. 
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{d)  2 0 3 

2.0  3 
0 0 9 
4 0 6 0 
4 1 2.0  9 
.2  0 3 
123027 
824180 
8 3.0  5 4 2 7 Ans, 


There  are  2 decimal  places  in  the 
multiplier  and  none  in  the  multi- 
plicand; hence,  there  are  2 + 0 or 

2 decimal  places  in  the  first  prod- 
uct. 

Since  there  are  2 decimal  places 
in  the  multiplicand  and  3 decimal 
places  in  the  multiplier,  there  are 

3 + 2 or  5 decimal  places  in  the 
second  product. 


(r)  First  perform  the  operations  indicated  by  the  si^ns 
between  the  numbers  enclosed  by  the  parenthesis,  and  then 
perform  whatever  may  be  required  by  the  sign  before  the 
parenthesis. 

Multiply  together  the  numbers  2. 7 
and  31.85. 

The  parenthesis  shows  that  .310  is 
to  be  taken  from  3.10.  3.1  0 0 

.3  1 0 


3 1.8  5 

^ 

2 2 2 9 5 
6 3 7 0 


2.8  4 4 


8 5.9  9 5 


The  product  obtained  by  the  first 
operation  is  now  multiplied  by  the 
remainder  obtained  by  performing 
the  operation  indicated  by  the  signs 
within  the  parenthesis. 


8 5.9  9 5 
2.8  4 4 
343980 
343980 
087900 
171990 
24  4. 509780 


Ans. 


(d)  (107.8 + 0.541 -31.90)  X 1.742 

1 0 7.8 
+ 6.5  4 1 

1 1 4.3  4 1 


= ? 


— 3 1.9  6 
8 2.3  8 1 


8 2.3  8 1 
X 1.7  4 2 
104702 
329524 
570607 
8 2 3 8 1 


1 4 3.5  0 7 7 0 2 Ans. 
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(72)  («)  (i-V-.13)X.G25  + f = ? 

First  perform  the  operation  indicated  by  the  parenthesis. 


7 _1 

“ IG  ) 7.0  0 0 0 (.4  3 7 5 
G 4 
G 0 
4 8 
1 2 0 
1 1 2 


We  point  off  four  decimal 
places,  since  we  annex  four 
ciphers. 


8 0 
8 0 

.4  3 7 5 
H 

Subtracting-,  we  obtain  .3  0 7 5 

The  vinculum  has  the  same  meaning-  as  the  parenthesis; 

g hence,  we  perform  the  operation  indi- 

f — ^ g Q Q Gated  by  it.  We  point  off  three  decimal 

" places,  since  three  ciphers  were  annexed 

. U ^ O ..  ^ 

to  the  0. 

Adding  the  terms  in-  .G  2 5 

eluded  by  the  vinculum,  .G  2 5 

we  obtain  P2  5 0 


The  final  operation  is  to  perform  the  work  indicated  by 
the  sign  between  the  parenthesis  and  the  vinculum,  thus, 

.3  0 7 5 
1.2  5 
1 5 3 7 5 
G 1 5 0 
3 0 7 5 

.3  8 4 3 7 5 Ans. 


{/>)  (Hx.21)-{.(i2Xt>,)  = ? 


•)  1 — 2 1 
■ i — T 0 (J- 


3 2 


_2„U 
1 0 0 


3 2 0 0- 


.02  = 


1 0 (T- 


0 0 1 G — 


— 

— 8 0 0-  S-QO 


_3_X4 

800X4 


_12  ,2  9J» 12_ 

320  0-  3200  3 2 00 


390  - 12 
3,200 


3 8 7 


_ G 

1 GO  0 


yx) 
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Reducing  to  a decimal, 
387 

3,200  ) 3 8 7.0  0 0 0 0 0 0 (.1 
3 2 0 0 
0 7 0 0 

0 4 0 0 

3 0 0 0 0 
2 8 8 0 0 
12000  ' 

9 0 0 0 

2  4 0 0 0 
2 2 4 0 0 

1 0 0 0 0 
1 0 0 0 0 


{c)  (J/  + .()13-2.17)Xl3i-7fV  =? 


j _ 13  Point  off  two  decimal  pla-  3.2  5 

■*  ~ 4)  1 3.0  0 ces,  since  two  ciphers  were  + .0  13 

3  2 5 annexed  to  the  dividend.  3.2  0 3 

reduced  to  a decimal  is  .3125,  since  —2.1  7 

1.0  9 3 

' 10  ) 5.0  0 0 0 (.3  1 2 5 

. 4 8 


‘2  0 Point  off  four  decimal  places, 

^ since  four  ciphers  were  annexed 

4  0 to  the  dividend. 

3 2 


we  obtain 
2 0 9 3 7 5 Ans. 


Point  off  seven  decimal 
places,  since  seven  ciphers 
were  annexed  to  the  div- 
idend. 


8 0 

Then,  7fV  = 7.3125,  and  13^-  = 13.25,  since  | ^ ^ ^ ^ 

^ 0 

1 3.2  5 5.9  3 7 5 

- 7.3  1 2 5 X 1.0  9 3 

5. 9 3 7 5 1 7 8 1 2 5 

534375 

593750 


0.4  8 9 u a 7 5 Ans. 
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(73)  (a)  .875 -h  j = .875-i-.5  (since  J = .5)  = 1.75.  Ans. 

Another  way  of  solving-  this  is  to  reduce  .875  to  its  equiv- 
alent common  fraction  and  then  divide. 

since  87,5  — _ n-i  _ .35  _ 7 . tUon 

oilHwC/  » O i (J  — 1 ft  rt  (I  — •>  n n — X r»  — q t LllL.llj 


.875 


7 

s> 


Since  f = 


3 

4 ) 3.0  0 (.7  5, 

2 8 

2 0 
2 0 


— _8J75_  — 1 7 -i  — .3  5 

— 1000  — 2 0 0 — ¥0  — 

7 -J 

- V ^ 1 — 1 ;i 

^^1  - ^ - -^4- 


■^4 


= 1. 


the  same 
above. 


answer  as 


1.75. 


— 7.  1 

— 8 • 2 


Ans. 


(since  .5  = A)  = ^X~  = 1 = If, 
4 


or 


This  can  also  be  solved  by  reducing. 


decimal  and  dividing  by  .5; 


- . 8 < o : 


to  its  equivalent 
.875-^  .5  = 1.75. 


Since  there  are  3 decimal  places  in  the  dividend  and  1 in  the 
divisor,  there  are  3 — 1 or  2 decimal  places  in  the  quotient. 

.375  X f shall  solve  this  problem  by  first 

^ reducing  the  decimals  to  their  equiv- 
alent common  fractions. 


• — 375  — J7  5_  — 1_5  — 3 

— 1000  — 200  — 40  — 8’ 

of  the  numerator  of  the  fraction. 


1 V L — 
8 4 — 


or  the  value 


I‘)K  — J_2JL 
. — 1000 


_2  .5_  _ 

2TT0  — 


Reducing  i to  IGths,  we  have 


1X2 


8X 

inator  of  the  fraction. 
JL 

-iT2  ^ ^ 3_  _3_  _ 

Ji_  ~ • J{_  — 3 2 • 1 6 — 

16  16 


- ^ = rV-  Then,  vV  — tV  = -rV,  or  the  value  of  the  denom- 

10  ’10  10  10“ 

The  problem  is  now  reduced  to 

0 ;fi 


= ior.5. 


Ans. 


(74) 


1.25X20X3 
87 + (11  X 8) 


. ? 


In  this  problem  1.25X20x3 
constitutes  the  numerator  of  the 
complex  fraction. 


45'J  + 32 

1.2  5 Multiplying  the  factors  of  the  numerator 

X 2 0 together,  we  find  their  product  to  be  75. 

2 5.0  0 


1 
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87  I (11x8) 

The  fraction  -■  ^ ■■  ■ constitutes  the  denominator  of 

4o9  + 32 

the  complex  fraction.  The  value  of  the  numerator  of  this 
fraction  equals  87  + 88  = 175. 

The  numerator  is  combined  as  though  it  were  written 
87  + (11  X 8),  and  its  result  is 

1 1 
X_8 
8 8 
+ .8  7 
1 7 5 

The  value  of  the  denominator  of  this  fraction  is  eqiml  to 
459  + 32  = 491.  The  problem  then  becomes 

3 


^ 7J">y4ni  X 4,  1 

¥uT  h'P 


(75)  1 plus  .001  = 1.001. 

And  1.001 —.010001  = .990999. 


210f. 

7 Ans. 

.01  plus  .000001  = .010001. 
Ans. 


4 


k. 


f-i- 


f'", 


* 


\ 


i 


' - • : ' i<' 

\ 


s 


. ■), 


o' 


ARITHMETIC. 

(QUESTIONS  1-83.  SECS.  4r-6.) 


(1)  A certain  per  cent,  of  a number  means  so  many  Inm- 
dredths  of  that  number. 

25^  of  8,428  lb.  means  25  hundredths  of  8,428  lb.  Hence, 
25^  of  8,428  lb.  — .25x8,428  lb.  = 2,10?  lb.  Ans. 

(2)  Here  $100  is  the  base  and  \ =■  .01  is  the  rate.  Then, 

.OlxSlOO  = 81.  Ans. 

(3)  means  one-half  of  1 per  cent.  Since  \fo  is  .01, 
is  .005,  for  2 ).()  1 0.  And  .005x835,000  = 8175.  Ans. 

.0  0 5 

(4)  Here  50  is  the  base,  2 is  the  percentage,  and  it  is 
required  to  find  the  rate.  Applying  rule.  Art.  12, 

rate  = percentage  -t-  base ; 

rate  = 2 -t-  50  ==  . 04,  or  4^.  Ans. 

(5)  By  Art.  12,  rate  = percentage base.* 

As  percentage  = 10  and  base  10,  we  have 

rate  = lO-r-10  = 1 = 100^. 

Hence,  10  is  100^  of  10.  Ans. 


* Remember  that  an  expression  of  this  form  means  that  the  first 
term  is  to  be  divided  by  the  second  term.  Thus,  as  above,  it  means 
percentage  divided  by  base. 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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(G)  (<r)  Rate  = percentage base.  Art.  12. 

As  percentage  = |!l7G.54  and  base  = $2,522,  we  have 
rate  = 17G.54^  2,522  = .07  ==  7^.  Ans. 

2 5 2 2 ) 1 7 G.5  4 
.0  7 

(/;)  Base  = percentage rate.  Art.  11. 

As  percentage  = 16.9(5  and  rate  = = .08,  we  have 

base  lG.9G-5-.08  = 212.  Ans. 

.0  8 ) 1 G.9  G 
2 1 2 

(c)  Amount  is  the  sum  of  the  base  and  percentage  ; hence, 
the  percentage  = amount  minus  the  base. 

Amount  = 21G.7025  and  base  = 213.5;  hence,  percentage 
= 216.7025-213.5  = 3.2025. 

Rate  = percentage -5- base.  Art.  12. 

Therefore,  rate  =:  3.2025-5-213.5  = .015  = l^fo.  Ans. 

2 1 3.5  ) 3.2  0 2 5 (.0  1 5 = l^fo. 

2 1 55  5 
1 0 G 7 5 
1 0 G 7 5 

{d)  The  difference  is  the  remainder  found  by  subtracting 
the  percentage  from  the  base ; hence,  base  minus  the 
difference  = the  percentage.  Base  = 207  and  difference 
= 201.825;  hence,  percentage  = 207  — 201.825  = 5.175. 
Rate  = percentage -5- base.  Art.  12. 

Therefore,  rate  = 5.175-4-207  = .025  = .02^  = 2|-^.  Ans. 
2 0 7 ) 5.1  7 5 (.0  2 5 = 

4 1 4 
10  3 5 
10  3 5 


(7)  In  this  problem  $5,500  is  the  amount,  since  it  equals 
what  he  paid  for  the  farm  plus  what  he  gained ; 15^  is  the 
rate,  and  the  cost  (to  be  found)  is  the  base.  Applying  rule, 
Art.  IG, 
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base  = amount -f- (1  + rate) ; hence, 

base  = 85,500-^(1 +.15)  = $4,783.61.  Ans. 

1.1  5 ) 5 5 0 0.0  0 0 0 ( 4 7 8 3.6  1- 
4 6 0 
!)  0 0 
8 0 5 
9 5 0 
9 3 0 
3 0 0 
2 3 0 
7 0 0 
6 9 0 
10  0 
1 1 5 

The  example  can  also  be  solved  as  follows;  100^  = cost; 
if  he  gained  15^,  then  100+  15  = 115^  = $5,500,  the  selling 
price. 

If  115^  = $5,500,  1^  = of  $5,500  = $47.8201,  and 
100^,  or  the  cost  = 100x$47.8201  = $4,783.01.  Ans. 

(^)  2 4^  of  $950  = 950 X. 24  = $3  2 8.0  0 

1 2|^  of  $950  = 950  X.  135  = 1 1 8.7  5 

1 7 ^ of  $950  = 950  X . 17  = 1 6 1,5  0 

5 31^  of  $950  =$5  0 8.2  5 

The  total  amount  of  his  yearly  expenses,  then,  is  $508.25; 
hence,  his  savings  are  $950  — $508.25  = $441.75.  Ans. 

Or,  as  above,  24^  + 12-|^  + 17^  = 53d^,  the  total  percent- 
age of  expenditures;  hence,  100^  — 53^^  = 40^^  = percent, 
saved.  And  $950 X. 465  = $441.75  = his  yearly  saving.s. 

Ans. 

(9)  The  percentage  is  901.38,  and  the  rate  is.37|-.  By 
Art.  11, 

base  = percentage  rate 

= 961.38^.375  = 2,503,68,  the  number.  Ans, 
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.3  7 5 ) 9 r,  1 3 8 0 0 0 ( 2 /)  fi  3 G 8 
7 5 0 
2 113 
18  7 5 


2 3 8 8 
2 2 5 0 


1 3 8 0 
112  5 
2 5 5 0 
2 2 5 0 
3 0 0 0 
3 0 0 0 


Another  method  of 
solving  is  the  follow- 
ing; 

If  37|;^  of  a num- 
ber is  9G1.38,  then 
.37.^  times  the  number 
= 9G1.38,  and  the  num- 
ber = 9 G 1.3  8 ^.3  71 
which,  as  above 
= 2,5G3.  G8.  Ans. 


(10)  Here  $1,125  is  30^  of  some  number;  hence,  $1,125 
= the  percentage,  30^  = the  rate,  and  the  required  number 
is  the  base.  Applying  rule,  Art.  11, 

base  = percentage rate  = $1,125 -=-.30  = $3,750. 

Since  $3,750  is  f of  the  property,  one  of  the  fourths  is 
^ of  $3,750  = $1,250,  and  4 fourths,  or  the  entire  property, 
is  4 X $1,250  = $5,000.  Ans. 

(11)  Here  $4,810  is  the  difference  and  35;^  the  rate.  By 
Art.  17, 

base  = difference  ^ (1  — rate) 

= $4,810  4- (1 -.35)  ^ $4,8104-.G5  = $7,400.  Ans. 

.0  5 ) 4 8 1 0.0  0 ( 7 4 0 0 1.0  0 

4 5 5 .3  5 

2 G 0 .6  5 

2 G_0 

Solution  can  also  be  effected  as  follows:  100^  - the  sum 

diminished  by  35^,  then  (1  — .35)  = .G5,  which  is  $4,810. 

IfG5^  = $4,810,  Ifo  = 5^0^^4,810  = $74,  and  100;^  = 100 
X$74  = $7,400.  Ans. 

(12)  In  this  example  the  sales  on  Monday  amounted  to 
$197.55,  which  was  12|^  of  the  sales  for  the  entire  week;  i.e., 
we  have  given  the  percentage,  $197.55,  and  the  rate,  122^, 
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and  the  required  number  (or  the  amount  of  sales  for  the  week) 
equals  the  base.  By  Art.  1 1 , 

base  = percentage -T- rate  = $197.55 -j- .125; 
or,  .1  2 5 ) 1 9 7.5  5 0 0 ( 1 5 8 0.4 

12  5 
7 2 5 
6 2 5 
10  0 5 
10  0 0 
■ 5 0 0 
5 0 0 

Therefore,  base  = $1,580.40,  which  also  equals  the  sales 
for  the  week.  Ans. 

(13)  16.5  miles  ==  12^^  of  the  entire  length  of  the  road. 
We  wish  to  find  the  entire  length. 

16.5  miles  is  the  percentage,  12-|^  is  the  rate,  and  the 
entire  length  will  be  the  base.  By  Art.  1 1 , 

base  = percentage -4- rate  = 16.5 -4-.  12|^. 

.1  2 5 ) 1 6.5  0 0 ( 1 3 2 miles.  Ans. 

1 2 5 
4 0 0 
3 7 5 
2 5 0 
2 5 0 

(14)  Here  we  have  given  the  difference,  or  $35,  and  the 
rate,  or  60^,  to  find  the  base.  We  use  the  rule  in  Art.  IT, 

base  = difference -i- (1  — rate) 

= $35^(1 -.60)  - $35^.40  = $87.50.  Ans 

.4  0 ) 3 5.0  0 0 ( 8 7.5 
3 2 0 
3 0 0 
2 8 0 


2 0 0 
2 0 0 
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Or,  100^  = whole  debt;  100^  — 60^  = 


= $35. 
$35 


If  40^  = $35,  then  ^ of  $35  = and  100^ 

= ^XlOO  = $87.50.  Ans. 

40 

(15) 


28  rd.  4 yd.  2 ft.  10  in.  to  inches. 


X 


54- 


15  4 

+ i 

15  8 

X 3 

4 7 4 

+ 3 

4 7 6 

X 

5 7 12 

+ i_o 

5 7 2 2 inches. 


yards. 


feet 


Since  there  are  5^  yards  in 
1 rod,  in  28  rods  there  are  28 
X 5^,  or  154  yards ; 154  yards 
+ 4 yards  = 158  yards. 
There  are  3 feet  in  1 yard; 
therefore,  in  158  yards  there 
are  3X158,  or  474  feet; 
474  feet  ~1- 2 feet  = 476  feet. 
There  are  12  inches  in  1 foot, 
and  in  476  feet  there  are  12 
X 476,  or  5,712  inches;  5,712 
inches -[-10  inches  = 5,722 
inches.  Ans. 


(16)  1 2 ) 5 7 2 2 inches. 

3 ) 4 7 6-flO  inches. 

51  ) 1 5 8 + 2 feet 
2 8 -f-  4 yards. 

28  rd.  4 yd.  2 ft.  10  in.  Ans. 

Explanation. — There  are  12  inches  in  1 foot;  hence,  in 
5,722  inches  there  are  as  many  feet  as  12  is  contained  times  in 
5, 722  inches,  or  476  feet  and  10  inches  remaining.  Write  these 
10  inches  as  a remainder.  There  are  3 feet  in  1 yard;  hence,  in 
476  feet  there  are  as  many  yards  as  3 is  contained  times  in  476 
feet,  or  158  yards  and  2 feet  remaining.  There  are  5|^  yards  in 
1 rod;  hence,  in  158  yards  there  are  28  rods  and  4 yards  re- 
maining. Then,  in  5, 722  inches,  there  are  28  rd.  4 yd.  2 ft.  10  in., 

(17)  5 weeks  3.5  days. 

X_7 

3 5 days  in  5 weeks. 

+ 3.5 
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Then,  we  find  how  many  seconds  there  are  in  38.5  days. 

3 8.0  days. 

X 2 4 hours  in  1 day. 

15  4 0 

7 7 0 

9 2 4.0  hours  in  38.5  days. 

X 6 0 minutes  in  1 hour. 

5 5 4 4 0 minutes  in  38.5  days. 

X GO  seconds  in  1 minute. 

3 3 2 6 4 0 0 seconds  in  38.5  days.  Ans. 

(18)  Since  there  are  24  gr.  in  1 pwt. , in  13,750  gr.  there 
are  as  many  pennyweights  as  24  is  contained  times  in 
13,750,  or  572  pwt.  and  22  gr.  remaining.  Since  there  are 
20  pwt.  in  1 oz. , in  572  pwt.  there  are  as  many  ounces  as  20 
is  contained  times  in  572,  or  23  oz.  and  12  pwt.  remaining. 
Since  there  are  12  oz.  in  1 lb.  (Troy),  in  28  oz.  there  are  as 
many  pounds  as  12  is  contained  times  in  28,  or  2 lb.  and 
4 oz.  remaining.  We  now  have  the  pounds  and  ounces 
required  by  the  problem;  therefore,  in  13,750  gr.  there  are 
2 lb.  ~4  oz.  12  pwt.  22  gr. 

2 4 ) 1 3 7 5 0 gr. 

2 0 ) 5 7 2 pwt.  + 22  gr. 

12)28  oz.  + 12  pwt. 

2 lb.  4 oz. 

2 lb.  4 oz.  12  pwt.  22  gr.  Ans. 

(19)  1 0 0 ) 4 7 6 3 2 5 4 li. 

8 0 ) 4 7 6 3 2 + 54  li. 

5 9 5 + 32  ch. 

595  mi.  32  ch.  54  li.  Ans. 

Explanation.— There  are  100  links  in  1 chain;  hence,  in 
4,763,254  li.  there  are  as  many  chains  as  100  is  contained 
times  in  4,763,254  li.,  or  47,632  ch.  and  54  li.  remaining. 
Write  the  54  li.  as  a remainder.  There  are  80  ch.  in  1 
mile;  hence,  in  47,632  ch.  there  are  as  many  miles  as  80 
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is  contained  times  in  47,632  eh.,  or  595  mi.  and  32  ch. 
remaining. 

Then,  in  4,763,254  li.  there  are  595  mi.  32  ch.  54  li. 

(20)  1 7 2 8 ) 7 6 4 3 2 5 cu.  in. 

2 7 ) 4 4 2-1-549  cu.  in. 

1 6 cu.  yd.  -1-  10  cu.  ft. 

16  cu.  yd.  10  cu.  ft.  549  cu.  in.  Ans. 

Explanation. — There  are  1,728  cu.  in.  in  1 cubic  foot; 
hence,  in  764,325  cu.  in.  there  are  as  many  cubic  feet  as 
1,728  is  contained  times  in  764,325,  or  442  cu.  ft.  and  549  cu. 
in.  remaining.  Write  the  549  cu.  in.  as  a remainder.  There 
are  27  cu.  ft.  in  1 cubic  yard;  hence,  in  442  cu.  ft.  there  are 
as  many  cubic  yards  as  27  is  contained  times  in  442  cu.  ft., 

or  16  cu.  yd.  and  10  cu.  ft.  remaining.  Then,  in  764,325  cu. 

in.  there  are  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

(21)  We  must  arrange  the  different  terms  in  columns, 
taking  care  to  have  like  denominations  in  the  same  column. 

rd.  yd.  ft.  in. 

2 2 2 3 

4 1 9 

2 7 

3 2J-  0 7 

or,  3 rd.  2 yd.  2 ft.  1 in.  Ans. 

Explanation. — We  begin  to  add  at  the  right-hand  col- 
umn. 7-[-9-|-3  19  in.;  as  12  in.  make  1 foot,  19  in. 

=r  1 ft.  and  7 in.  Place  the  7 in.  in  the  inches  column,  and 
reserve  the  1 ft.  to  add  to  the  next  column. 

1 (reserved) -p  2 -f  1 -f  2 = 6 ft.  Since  3 ft.  make  1 yard, 
6 ft.  = 2 yd.  and  0 ft.  remaining.  Place  the  cipher  in  the 
column  of  feet  and  reserve  the  2 yd.  for  the  next  column. 

2 (reserved) -p  4 -f  2 = 8 yd.  Since  5^  yd.  = 1 rd.,  8 yd. 

1 rd.  and  24  yd.  Place  2p  yd.  in  the  yards  column  and 

reserve  1 rd.  for  the  next  column;  1 (reserved)  -\-2  = 3 rd. 


Ans.  = 3 rd. 

yd. 

0 ft. 

7 in., 

or  3 rd. 

2 yd. 

1 ft. 

13  in., 

or  3 rd. 

2 yd. 

2 ft. 

1 in. 

§2 
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gal. 

3 
6 

4 


qt. 

3 

0 

0 

8 


pt. 

1 

1 

0 

5 


gri- 

3 

2 

1 

0 


16  gal.  3 qt.  0 pt.  2 gi. 


(22)  We  write  the  compound  numbers  so  that  the  units 
of  the  same  denomination  shall  stand  in  the  same  column. 

Beginning  to  add  with  the  low- 
est denomination,  we  find  that 
the  sum  of  the  gills  is  1 -fi  2 
-f  3 = 6.  Since-  there  are  4 gi. 
in  1 pint,  in  G gi.  there  are  as 
many  pints  as  4 is  contained 
times  in  6,  or  1 pt.  and  2 gi. 
We  place  2 gi.-  under  the  gills 
column  and  reserve  the  1 pt.  for  the  pints  column;  the  sum 
of  the  pints  is  1 (reserved)  -|-5-l-l  + l = 8.  Since  there  are 

2 pt.  in  1 quart,  in  8 pt.  there  are  as  many  quarts  as  2 is 
contained  times  in  8,  or  4 qt.  and  0 pt.  We  place  the  cipher 
under  the  column  of  pints  and  reserve  the  4 for  the  quarts 
column.  The  sum  of  the  quarts  is  4 (reserved)  -f  8 4-  3 
= 15.  Since  there  are  4 qt.  in  1 gallon,  in  15  qt.  there  are 
as  many  gallons  as  4 is  contained  times  in  15,  or  3 gal.  and 

3 qt.  remaining.  We  now  place  the  3 under  the  quai  lS 
column  and  reserve  the  3 gal.  for  the  gallons  column.  The 
sum  of  the  gallons  column  is  3 (reserved)  + 4 -(- 6 -f  3 =:  16 
gal. ' Since  we  cannot  reduce  16  gal.  to  any  higher  denomi- 
nation, we  have  16  gal.  3 qt.  0 pt,  and  2 gi.  for  the  answer. 


(23)  Reduce  the  grains,  pennyweights,  and  ounces  to 
higher  denominations. 

24)240  gr.  20)125  pwt.  1 2 ) 5 0 oz, 

1 0 pwt.  6 oz,  5 pwt.  4 lb.  2 oz. 

Then,  3 lb.  -f-  4 lb.  2 oz.  6 oz.  5 pwt,  + 10  pwt.  = 
lb.  oz.  pwt. 

3 

4 2 

6 5 

10 


7 lb. 


8 oz.  15  pwt.  Ans. 


(24)  Since  " seconds  ” is  the  lowest  denomination  in  this 
problem,  we  find  their  sum  first,  which  is  11 -f  29 -f- 25 30 
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12,  or  107  seconds.  Since  there 


deg. 

min. 

sec. 

are  GO  seconds  in  1 minute,  in  107 

1 1 

1 G 

1 2 

seconds  there  are  as  many  minutes 

1 3 

1 9 

3 0 

as  GO  is  contained  times  in  107,  or 

2 0 

0 

2 5 

1 minute  and  47  seconds  remain- 

0 

2 6 

2 9 

ing.  We  place  the  47  under  the 

1 0 

1 7 

1 1 

seconds  column  and  reserve  the  1 

5 5° 

1 9' 

4 7" 

for  the  minutes  column.  The  sum 

of  the  minutes  is  1 (reserved) 


+ 17  + 20 + 19 + 10,  or  70.  Since  there  are  00  minutes  in  1 
degree,  in  70  minutes  there  are  as  many  degrees  as  00  is 
contained  times  in  79,  or  1 degree  and  19  minutes  remain- 
ing. We  place  the  19  under  the  minutes  column  and  reserve 
the  1 degree  for  the  degrees  column.  The  sum  of  the 
degrees  is  1 (reserved)  + 10  + 20  + 13  + 11,  or  55  degrees. 
Since  we  cannot  reduce  55  degrees  to  any  higher  denomina- 


tion,  we  have  55° 

19'  41 

for  the  answer. 

(25)  vSince 

“inches” 

is 

the  lowest  denomination  in  this 

problem,  we 

find 

their 

sum  first,  which  is  11  + 8 + 6,  or  25 

inches.  Since  there  are 

rd. 

yd. 

ft. 

in. 

12  inches  in  1 foot,  in  25 

13  0 

5 

1 

6 

inches  there  are  as  many 

2 15 

0 

2 

8 

feet  as  12  is  contained 

3 0 4 

4 

Oil 

times  in  25,  or  2 feet  and 

G 5 0 

44 

2 

1 

1 inch  remaining.  Place 

mi.  rd. 

yd. 

ft. 

in. 

the  1 inch  under  the  inches 

or,  2 10 

5 

0 

7 

+ns.  column,  and  reserve 

the  2 feet  to  add  to  the 

column  of  feet.  The  sum  of  the  feet  is  2 feet  (reserved) 
+ 2 + 1 = 5 feet.  Since  there  are  3 feet  in  1 yard,  in  5 feet 
there  are  as  many  yards  as  3 is  contained  times  in  5 feet,  or 
1 yard  and  2 feet  remaining.  Place  the  2 feet  under  the 
column  of  feet,  and  reserve  the  1 yard  to  add  to  the  column 
of  yards.  The  sum  of  the  yards  is  1 yard  (reserved)  +4 
+ 5 = 10  yards.  Since  there  are  5^  yards  in  1 rod,  in  10 
yards  there  are  as  many  rods  as  5|-  is  contained  times  in  10, 
or  1 rod  and  4^  yards  remaining.  Place  the  4^  yards  under 
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the  column  of  yards,  and  reserve  the  1 rod  for  the  column 
of  rods.  The  sum  of  the  rods  is  1 (reserved)  -j- 304 + '215 
-[-130  = 650  rods.  Place  650  rods  under  the  column  of 
rods.  Therefore,  the  sum  is  650  rd.  4J-  yd.  2 ft.  1 in.  Or, 
since  a yard  = 1 ft.  6 in. , and  since  there  are  320  rods  in 
1 mile,  the  sum  may  be  expressed  as  2 mi.  10  rd.  5 yd.  0 ft. 
7 in.  Ans. 


(26)  Since  “square  links”  is  the  lowest  denomination  in 
this  problem,  we  find  their  sum  first,  which  is  21 -j- 23 -f- 16 

-f  18 -j- 23 -|- 21,  or  122  square 


A. 

sq.  ch. 

sq.  rd. 

sq.  li. 

links.  Place  122  square  links 

2 1 

6 7 

3 

2 1 

under  the  column  of  square 

2 8 

7 8 

2 

2 3 

links.  The  sum  of  the  square 

4 7 

6 

2 

1 8 

rods  is2-[-3-|-2-|-2-|-2-i-3,  or 

5 6 

5 9 

2 

1 6 

14  square  rods.  Place  14  square 

2 5 

3 8 

3 

2 3 

rods  under  the  column  of 

4 6 

7 5 

2 

2 1 

square  rods.  The  sum  of  the 

5 5 

3 

1 4 

12  2 

square  chains  is  323  square 

chains.  Since  there  are  10 
square  chains  in  1 acre,  in  323  square  chains  there  are  as 
many  acres  as  10  is  contained  times  in  323  square  chains,  or 
32  acres  and  3 square  chains  remaining.  Place  3 square 
chains  under  the  column  of  square  chains,  and  reserve  the 
32  acres  to  add  to  the  column  of  acres.  The  sum  of  the 
acres  is  32  acres  (reserved)  -f  46  -j-  25  -|-  56  -j-  47  + 28  -|-  21,  or 
255  acres.  Place  255  acres  under  the  column  of  acres. 
Therefore,  the  sum  is  255  A.  3 sq.  ch.  14  sq.  rd.  122  sq.  li. 

Ans. 


(27)  Before  we  can  subtract  300  ft.  from  20  rd.  2 yd.  2 ft. 
and  9 in. , we  must  reduce  the  300  ft.  to  higher  denomina- 
tions. 

Since  there  are  3 feet  in  1 yard,  in  300  feet  there  are  as 
many  yards  as  3 is  contained  times  in  3.00,  or  100  yards. 
There  are  5^  yards  in  1 rod,  hence  in  100  yards  there  are  as 
many  rods  as  5^,  or  is  contained  times  in  100  = 18y\ 
rods. 
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= IOOXt't  = 


100X3  _ 300 

11  “ TT)  3 0 0 ( 1 8y2^  rd. 

1 1 


9 0 
3 

Since  there  are  54^  or  -y-  yards  in  1 rod,  in  ^ rod  there  are 

2 II 

^X^,  or  1 yard,  so  we  find  that  300  feet  equals  18  rods  and 
/I/I  r 

1 yard.  The  problem  now  is  as  follows;  From  30  rd.  3 yd. 

3 ft.  and  9 in.  take  18  rd.  and  1 yd.  • 

We  place  the  smaller  number  under  the  larger  one,  so 
that  the  units  of  the  same  denomination  fall  in  the  same 

column.  Beginning  with  the 
rd.  yd.  ft.  in.  lowest  denomination,  we  see 
9 that  0 inches  from  9 inches  leaves 
I 0 0 9 inches.  Going  to  the  next 

2 12  9 higher  denomination,  we  see 

that  0 feet  from  3 feet  leaves  3 
feet.  Subtracting  1 yard  from  3 yards,  we  have  1 yard 
remaining,  and  18  rods  from  30  rods  leaves  3 rods.  There- 
fore, the  difference  is  3 rd.  1 yd.  3 ft.  9 in.  Ans. 


(38) 

A. 

sq.  rd. 

sq.  yd. 

114 

8 0 

3 5 

7 5 

7 0 

3 0 

3 9 

9 

3 5i 

Explanation. — Place  the  subtrahend  under  the  minuend  so 
that  like  denominations  are  under  each  other.  Then  begin 
at  the  right  with  the  lowest  denomination.  We  cannot  sub- 
tract 30  from  35,  so  we  take  1 square  rod  (=  30:^  square 
yards)  from  80  square  rods,  leaving  79  square  rods;  adding 
30|  square  yards  to  35  square  yards,  we  have  55^:  square 
yards;  subtracting  30  from  55i  square  yards,  leaves  35^ 
yards;  we  now  subtract  70  square  rods  from  79  square  rods, 
which  leaves  9 square  rods ; next,  we  subtract  75  acres  from 
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114  acres,  which  leaves  39  acres,  which  we  place  under  the 
column  of  acres. 


(29)  If  10  gal.  2 qt.  and  1 pt.  of  molasses  are  sold  from 
a hogshead  at  one  time,  and  26  gal.  3 qt.  are  sold  at  another 
time,  then  the  total  amount  of  molasses  sold  equals  10  gal. 
2 qt.  1 pt.  plus  26  gal.  3 qt. 

Since  the  pint  is  the  lowest  denomination,  we  add  the 
pints  first,  which  equal  0 + 1,  or  1 pint.  We  cannot  reduce  1 

pint  to  any  higher  denomination, 
gal.  qt.  pt.  so  we  place  it  under  the  pints 

10  2 1 column.  The  number  of  quarts 

2 6 3 0 is  3 + 2,  or  5.  Since  there  are  4 

3 I I quarts  in  1 gallon,  in  5 quarts 

there  are  as  many  gallons  as  4 is 
contained  times  in  5,  or  1 gallon  and  1 quart  remaining.  We 
place  the  1 quart  under  the  quarts  column,  and  reserve  the 
1 gallon  to  add  to  the  column  of  gallons.  The  number  of 
gallons  equals  1 (reserved)  +26  + 10,  or  37  gallons. 

If  37  gal.  1 qt.  and  1 pt.  are  sold  from  a hogshead  of 
molasses  (63  gal.),  there  remains  the  difference  between  63 
gal.  and  37  gal.  1 qt.  1 pt.,  or  25  gal.  2 qt.  1 pt. 

63  gal.  is  the  same  as  62  gal.  3 qt.  2 pt.,  since  1 gal.  equals 
4 qt.,  and  1 qt.  equals  2 pt. 

Beginning  with  the  lowest  denomination,  we  subtract  1 pt. 

from  the  2 pt.  1 pint  from  2 pints  leaves 
gal.  qt.  pt.  1 pint,  1 quart  from  3 quarts  leaves  2 

6 2 3 2 quarts,  and  37  gallons  from  62  gallons 

3 7 1 1 leaves  25  gallons.  Therefore,  there  are 

2 5 2 1 25  gal.  2 qt.  and  1 pt.  of  molasses 

remaining  in  the  hogshead.  Ans. 


(30)  If  a person  were  born  June  19,  1850,  in  order  to 
find  how  old  he  would  be  on  Aug.  3,  1892,  subtract  the 
earlier  date  from  the  later  date. 

On  Aug.  3,  7 mo.  and  3 da.  have  elapsed  from  the  begin- 
ning of  the  year,  and  on  June  19,  5 mo.  and  19  da. 

Beginning  with  the  lowest  denomination,  we  find  that  19' 
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clays  cannot  be  taken  from  3 days,  so  we  take  1 month  from 
7 months.  The  1 month  which  we  took  equals  30  days,  for 
in  all  cases  30  days  are  allowed  to  a 
yr.  mo.  da.  month.  Adding  30  days  to  the  3 days, 

1 8 9 2 7 3 we  have  33  days;  subtracting  19  days 

1 8 5 0 5 1 9 from  33  days,  we  have  14  days  remain- 

4 2 1 14  ing.  ^nce  we  borrowed  1 month  from 

the  months  column,  we  have  7 — 1,  or 

6 months  remaining;  subtracting  5 months  from  6 months, 
we  have  1 month  remaining.  1,850  from  1,892  leaves  42 
years.  Therefore,  he  would  be  42  years,  1 month,  and  14 
days  old.  Ans. 

(31)  If  a note  given  Aug.  5,  1890,  were  paid  June  3,  1892, 
in  order  to  find  the  length  of  time  it  was  due,  subtract  the 
earlier  date  from  the  later  date. 

Beginning  with  the  lowest  denomination,  we  find  that  5 
cannot  be  subtracted  from  3,  so  we 
take  a unit  from  the  next  higher  de- 
nomination, which  is  months.  The  1 
month  which  we  take  equals  30  days. 
Adding  the  30  days  to  the  3 days,  we 
have  33  days.  5 days  from  33  days 
leaves  28  days.  Since  we  took  1 
month  from  the  months  column,  only  4 months  remain. 

7 months  cannot  be  taken  from  4 months,  so  we  take  1 year 
from  the  years  column,  which  equals  12  months.  12  months 
-1-4  months  = IG  months.  7 months  from  IG  months  = 9 
months.  Since  we  took  1 year  from  the  years  column,  we 
have  1,892  — 1,  or  1,891  remaining.  1,890  from  1,891  leaves 
1 year.  Hence,  the  note  ran  1 year,  9 months,  and  28 
days.  Ans. 

(32)  Write  the  number  of  the  year,  month,  day,  hour, 
and  minute  of  the  earlier  date  under  the  year,  month,  day, 
hour,  and  minute  of  the  later  date,  and  subtract. 

22  mimites  before  8 o’clock  is  the  same  as  38  minutes  after 
7 o’clock.  7 o’clock  p.  m.  is  19  hours  from  the  beginning  of 
the  day,  as  there  are  12  hours  in  the  morning  and  7 in  the 


yr.  mo.  da. 
1 8 9 2 5 3 

1 8 9 0 7 5 

19  2 8 
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afternoon.  December  is  11  months  from  the  beginning  of 
the  year. 

10  o’clock  A.  M.  is  10  hours  from  the  beginning  of  the  day. 
July  is  0 months  from  the  beginning  of  the  year.  The  min- 
uend would  be  the  later  date,  or  1,888  years,  11  months,  11 
days,  19  hours,  and  38  minutes. 

The  subtrahend  would  be  the  earlier  date  or  1,883  years, 
6 months,  3 days,  10  hours,  and  10  minutes. 

Subtracting,  we  have 


yr. 

mo. 

da. 

hr. 

min. 

18  8 8 

1 1 

1 1 

1 9 

3 8 

18  8 3 

0 

3 

1 0 

1 0 

5 

5 

8 

9 

2 2 

, 8 da. 

9 hr.  and  22 

min. 

Ans. 

16  minutes  subtracted  from  38  minutes  leaves  22  minutes; 
10  hours  from  19  hours  leaves  9 hours;  3 days  from  11  days 
leaves  8 days;  6 months  subtracted  from  11  months  leaves 
5 months;  1,883  from  1,888  leaves  5 years.  > 

(33)  In  multiplication  of  denominate  numbers,  we  place 
the  multiplier  under  the  lowest  denomination  of  the  multi- 
plicand, as 

1 7 ft.  3 in. 

5 1 

8 7 9 ft.  9 in. 

and  begin  at  the  right  to  multiply.  51x3  =r  153  in.  As  there 
are  12  inches  in  1 foot,  in  153  in.  there  are  as  many  feet  as 
12  is  contained  times  in  153,  or  12  feet  and  9 inches  remain- 
ing. Place  the  9 inches  under  the  inches,  and  reserve  the 
12  feet.  51x17  ft.  = 807  ft.  807  ft. -1-12  ft.  (reserved)  = 
879  ft. 

879  feet  can  be  reduced  to  higher  denominations  by  divi- 
ding by  3 feet  to  find  the  number  of  yards,  and  by  5^  yards 
to  find  the  number  of  rods. 

3 ) 879  ft.  9 in. 

5.5)2  93  yd. 

5 3 rd.  It-  yd. 
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Then,  product  = 53  rd.  1|-  yd.  0 ft.  9 in.,  or  53  rd.  1 yd. 
2 ft.  3 in.  Ans. 

(34)  qt  pt  gi. 

3 I 3 

4^ 

18.2  0 .1 

or,  1 8 qt.  0 pt.  1.7  gi. 

or,  4 gal.  2 qt.  0 pt.  1. 7 gi.  Ans. 

Place  the  multiplier  under  the  lowest  denomination  of  the 
multiplicand,  and  proceed  to  multiply.  4. 7 X 3 gi.  = 14. 1 gi. 
As  4 gi.  = 1 pt. , there  are  as  many  pints  in  14.1  gi.  as  4 is 
contained  times  in  14. 1 = 3. 5 pt.  and  . 1 gi.  over.  Place  . 1 
under  gills  and  carry  the  3. 5 pt.  forward.  4. 7 X 1 pt. 
= 4. 7 pt. ; 4. 7 + 3.5  pt.  8.2  pt.  As  2 pt.  1 qt.,  there 

are  as  many  quarts  in  8.2  pt.  as  2 is  contained  times  in  8.2 
= 4. 1 qt.  aiid  no  pints  over.  Place  a cipher  under  the  pints, 
and  carry  the  4. 1 qt.  to  the  next  product.  4. 7 X 3 qt. 
= 14.1;  14.1+4.1  qt.  18.2  qt.  The  answer  now  is  18.2 
qt.  0 pt.  . 1 gi.  Reducing  the  fractional  part  of  a quart,  we 
have  18  qt.  Opt.  1.7  gi.  (.2  qt.  = .2x8  =:  1.6  gi.;  1.6 
+ .1  gi.  = 1.7  gi.).  Then  we  can  reduce  18  qt.  to  gallons 
(18-t-4  r::  4 gal.  and  2 qt.)  = 4 gal.  2 qt.  1.7  gi.  Ans. 

The  answer  may  be  obtained  in  another  and  much  easier 
way  by  reducing  all  to  gills,  multiplying  by  4.7,  and  then 
changing  back  to  quarts  and  pints.  Thus, 

3 qt.  1 pt.  3 gi.  = 31  gi. 

31  gi.  X4.7  = 145.7  gi. 

4 ) 1 4 5.7  gi. 

2 ) 3 6 pt.  +1.7  gi. 

18  qt.  + 0 pt. 

Ans.  = 18  qt.  1.7  gi. ; 
or,  4 gal.  2 qt.  1.7  gi. 


3 qt. 
X_2  pt. 

6 pt. 
+_1  pt 

7 pt 
X_4  gi. 

2 8 gi. 
+ _3  gi. 

3 1 gi. 
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(35)  (3  lb.  10  oz.  13  pwt.  12  gr.)  x 1.5  = ? 

3  lb.  10  oz.  13  pwt.  12  gr. 
X 

3 6 oz. 

+ LP 

4 6 oz. 

X 2 0 

9 2 0 pwt. 

+ 13 
9 3 3 pwt. 

X 2^ 

2 2 3 9 2 gr. 

+ 1 2 
2 2 4 0 4 gr. 

22,404  gr.  xl.5  = 33,606  gr. 

2 4 ) 3 3 6 0 6 gr. 

2 0 ) 1 4 0 0 pwt.-f-  6 gr. 

1 2 ) 7 0 oz. -|-0  pwt. 

5  lb.-|- 10  oz. 


Since  there  are  24  gr.  in  1 pwt.,  in  33,606  gr.  there  are 
as  many  pennyweights  as  24  is  contained  times  in  33,606, 
■or  1,400  pwt.  and  6 gr.  remaining.  This  gives  us  the  num- 
ber of  grains  in  the  answer.  We  now  reduce  1,400  pwt. 
to  higher  denominations.  Since  there  are  20  pwt.  in  1 oz., 
in  1,400  pwt.  there  are  as  many  ounces  as  20  is  contained 
times  in  1,400,  or  70  oz.  and  0 pwt.  remaining;  therefore, 
there  are  0 pwt.  in  the  answer.  We  reduce  70  oz.  to 
higher  denominations.  Since  there  are  12  oz.  in  1 lb.,  in  70 
oz.  there  are  as  many  pounds  as  12  is  contained  times  in 
70,  or  5 lb.  and  10  oz.  remaining.  We  cannot  reduce  5 lb.  to 
any  higher  denominations.  Therefore,  our  answer  is  5 lb. 
10  oz.  6 gr. 

Another  but  more  complicated  way  of  working  this  prob- 
lem is  as  follows: 
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4.5 
or,  4 
or,  5 


lb.  oz.  pwt.  gr.  To  get  rid  of  the  deci- 

3 10  13  12  mal  in  the  pounds,  reduce 

1.5  .5  of  a pound  to  ounces. 

15  1 9.5  18  Since  1 lb.  = 12  oz. . .5  of 

2 1 1 9 3 0 ^ pound  equals  .5  lb.  X 12 

1 0 0 6 Ans.  = 6 oz.  6 oz.  +15  oz.  = 

21  oz.  We  now  have  4 lb. 
21  oz.  19.5  pwt.  and  18  gr. ; but  we  still  have  a decimal  in 
the  column  of  pwt. , so  we  reduce  . 5 pwt.  to  grains  to  get  rid 
of  it.  Since  1 pwt.  24  gr.,  .5  pwt.  = .5  pwt.  X24  12 

gr.  12  gr.  + 18gr.  m 30  gr.  We  now  have  4 lb.  21  oz.  19  pwt. 
and  30  gr.  Since  there  are  24  gr.  in  1 pwt. , in  30  gr.  there  is 
1 pwt.  and  G gr.  remaining.  Place  6 gr.  under  the  column  of 
grains  and  add  1 pwt.  to  the  pwt.  column.  Adding  1 pwt. , we 
have  19  + 1 = 20  pwt.  Since  there  are  20  pwt.  in  1 oz.,  we 
have  1 oz.  and  0 pwt.  remaining.  Write  the  0 pwt.  under 
the  pwt.  column,  and  reserve  the  1 oz.  to  the  oz.  column. 

21  oz.  +1  oz.  = 22  oz.  Since  there  are  12  oz.  in  1 lb.,  in 

22  oz.  there  is  1 lb.  and  10  oz.  remaining.  Write  the  10  oz. 
under  the  ounce  column,  and  reserve  the  1 lb.  to  add  to  the 
pounds  column.  4 lb.  + 1 lb.  (reserved)  = 5 lb.  Hence,  the 
answer  equals  5 lb.  10  oz.  6 gr. 


(30)  If  each  barrel  of  apples  contains  2 bu.  3 pk.  and  6 qt., 
then  9 bbl.  will  contain  9 X (2  bu.  3 pk.  6 qt.). 

We  write  the  multiplier  under  the  lowest  denomination  of 
the  multiplicand,  which  is  quarts  in 
bu.  pk.  qt.  this  problem.  9 times  6 qt.  equals  54 

2 3 G qt.  There  are  8 qt.  in  1 pk.,  and  in 

9 54  qt.  there  are  as  many  pecks  as  8 is 

1 8 2 7 5 4 contained  times  in  54,  or  G pk.  and  G qt. 

or,  2 6 1 G We  write  the  G qt.  under  the  column 

of  quarts,  and  reserve  the  G pk.  to  add 
to  the  product  of  the  pecks.  9 times  3 pk.  equals  27  pk. ; 
27  pk.  plus  the  G pk.  (reserved)  equals  33  pk.  Since  there  are 
4 pk.  in  1 bu.,  in  33  pk.  there  are  as  many  bushels  as  4 is  con- 
tained times  in  33,  or  8 bu.  and  1 pk.  remaining.  We  write 
the  1 pk.  under  the  column  of  pecks,  and  re.serve  the  8 bu. 
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for  the  product  of  the  bushels.  9 times  2 bu.  plus  the  8 bu. 
(reserved)  equals  20  bu.  Therefore,  we  find  that  9 bbl.  con- 
tain 26  bu.  1 pk.  6 qt.  of  apples.  Ans. 

(37)  (7  T.  15  cwt.  10.5  lb.)xl.7  = ? When  the  multi- 

plier is  a decimal,  instead  of  multiplying  the  denominate 
numbers  as  in  the  case  when  the  multiplier  is  a whole  num- 
ber, it  is  much  easier  to  reduce  the  denominate  numbers  to 
the  lowest  denomination  given ; then  miiltiply  that  result  by 
the  decimal,  and,  lastly,  reduce  the  product  to  higher  denomi- 
nations. Although  the  correct  answer  can  be  obtained  by 
working  examples  involving  decimals  in  the  manner  as  in  the 
last  example,  it  is  much  more  complicated  than  this  method.. 


15,510.5  lb.  XI. 7 ==  20,367.85  lb. 

There  are  100  lb.  in  1 cwt.,  and  in  26,307.85  lb.  there  are 
as  many  cwt.  as  100  is  contained  times  in  20,307.85,  which 


to  higher  denominations.  There  are  20  cwt.  in  1 ton,  and 
in  263  cwt.  there  are  as  many  tons  as  20  is  contained  times 
in  263,  or  13  T.  and  3 cwt.  remaining.  Since  we  cannot 
reduce  13  T.  any  higher,  our  answer  is  13  T.  3 cwt.  67.85 
lb.  Or,  since  .85  lb.  = .85  lb.  X 10  = 13.0  oz.,  the  answer 
may  be  written  13  T.  3 cwt.  07  lb.  13.0  oz. 

(38)  7 ) 3 5 8 A.  5 7 sq.  rd.  6 sq.  yd.  2 sq.  ft. 


7 T.  15  cwt.  10.5  lb. 
y 2 0 
110  cwt. 

+ 15 
15  5 cwt. 

X 10  0 
1 5 5 0 0 lb. 

+ 1 0.5 

1 5 5 1 0.5  lb. 


1 0 0 ) 2 6 3 6 7.  8 5 lb. 

2 0 ) 2 6 3 cwt.  + 07.85  lb. 


1 3 T.  + 3 cwt. 


equals  203  cwt.  and  07.85  lb. 
remaining.  Since  we  have 
the  number  of  pounds  for  our 
answer,  we  reduce  263  cwt. 


5 1 A.  3 1 sq.  rd.  0 sq.  yd.  8 sq.  ft.  Ans. 
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AVe  begin  with  the  highest  denomination,  and  divide  each 
term  in  succession  by  7. 

7 is  contained  in  358  A.  51  times  and  1 A.  remaining.  We 
write  the  51  A.  under  the  358  A.  and  reduce  the  remaining 
1 A.  to  square  rods  = 160  sq.  rd. ; 160  sq.  rd.  +the  57  sq. 
rd.  in  the  dividend  = 217  sq.  rd.  7 is  contained  in  217  sq. 
rd.  31  times  and  0 sq.  rd.  remaining.  7 is  not  contained  in 
6 sq.  yd.,  so  we  write  0 under  the  sq.  yd.  and  reduce  6 sq. 
yd.  to  square  feet.  9 sq.  ft.  X 6 = 54  sq.  ft.  54  sq.  ft. 
+ 2 sq.  ft.  in  the  dividend  = 56  sq.  ft.  7 is  contained  in  56 
sq.  ft.  8 times.  We  write  8 under  the  2 sq.  ft.  in  the  dividend. 

(39)  12  ) 282  bu.  3 pk.  1 qt.  1 pt. 

23  bu.  2 pk.  2 qt.  pt.  Ans. 

12  is  contained  in  282  bu.  23  times  and  6 bu.  remaining. 
VCe  write  23  bu.  under  the  282  bu.  in  the  dividend,  and 
reduce  the  remaining  6 bu.  to  pecks  = 24  pk.  -|-  the  3 pk.  in 
the  dividend  = 27  pk.  12  is  contained  in  27  pk.  2 times  and 
3 pk.  remaining.  AVe  write  2 pk.  under  the  3 pk.  in  the  divi- 
dend, and  reduce  the  remaining  3 pk.  to  quarts.  3 pk.  = 24 
qt.  ; 24  qt.  the  1 qt.  in  the  dividend  = 25  qt.  12 

is  contained  in  25  qt.  2 times  and  1 qt.  remaining.  AA^e 
write  2 qt.  under  the  1 qt.  in  the  dividend,  and  reduce  1 qt. 
to  pints  = 2 pt.  the  1 pt.  in  the  dividend  = 3 pt.  3 -r-  12 

= T%-  or  \ pt. 

(40)  AA^e  must  first  reduce  23  miles  to  feet  before  we  can 
divide  by  30  feet.  1 mile  contains  5,280  ft.;  hence  23  mi. 
contain  5,280  X 23  = 121,440  ft. 

121,440  ft.  -f-  30  ft.  — 4,048  rails  for  1 side  of  the  track. 

The  number  of  rails  for  2 sides  of  the  track  = 2x4,048, 
or  8,096  rails.  Ans. 

(41)  In  this  case,  where  both  dividend  and  divisor  are 
compound,  reduce  each  to  the  lowest  denomination  mentioned 
in  either,  and  then  divide  as  in  simple  numbers. 
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3  5 6 bu.  3 pk,  5 qt 

X 4 

14  2 4 pk, 

+ 3 

1 4 2 7 pk 

X 8 

1 1 4 1 G qt. 

+ 5 

114  2 1 qt 


qt.  -4-47  qt.  = 243  boxes.  Ans. 


(42)  We  must  first  reduce  IG  square  miles  to  acres. 

In  1 sq.  mi.  there  are  G40  A.,  and  in  IG  sq.  mi.  there  are 
1GX640  A.  = 10,240  A. 

G 2 ) 1 0 2 4 0 A. 

1 G 5 A.  25  sq.  rd.  24  sq.  yd.  3 sq.  ft.  80-|-  sq.  in. 

Ans. 

62  is  contained  in  10,240  A.  1G5  times  and  10  A.  remain- 
ing. We  write  1G5  A.  under  the  10,240  A.  in  the  dividend 
and  reduce  10  A.  to  sq.  rd.  In  1 A.  there  are  IGO  sq.  rd., 
and  in  10  A.  there  are  10  X IGO  = 1,G00  sq.  rd.  G2  is  con- 
tained in  1,G00  sq.  rd.  25  times  and  50  sq.  rd.  remaining. 
We  write  25  sq.  rd.  in  the  quotient  and  reduce  50  sq.  rd.  to 
sq.  yd.  In  1 sq.  rd.  there  are  30^  sq.  yd.,  and  in  50  sq.  rd. 
there  are  50  X 30i  sq.  yd.  = 1,5124  sq.  yd.  62  is  con- 
tained in  1,5124  sq.  yd,  24  times  and  244  sq.  yd.  remaining.  We 
write  24  sq.  yd,  in  the  quotient  and  reduce  24^  sq.  yd.  to  sq. 
ft.  In  1 sq.  yd.  there  are  9 sq.  ft.,  and  in  24|  sq.  yd.  there  are 
244  X 9 — 2204  sq.  ft.  G2  is  contained  in  2204  sq.  ft.  3 times 
and  344  sq.  ft.  remaining.  We  write  3 sq.  ft.  in  the  quotient 
and  reduce  344  sq.  ft.  to  sq.  in.  In  1 sq.  ft.  there  are  144 
sq.  in.,  and  in  344  there  are  344X144  = 4,968  sq.  in. 


1 bu.  1 pk.  7 qt. 
X4 

4 pk. 

+ i 

5 pk. 

X_8 

4 0 qt. 

4 7 qt. 

47)11421  (2  43 
9 4 


2 0 2 
1 8 8 
14  1 
1 4 1 


11,421 
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62  is  contained  in  4,908  sq.  in.  80  times  and  8 sq.  in.  remain- 
ing. We  write  80-T  sq.  in.  in  the  quotient. 

(4.3)  To  square  a number,  we  must  multiply  the  numbet 
by  itself  once,  that  is,  use  the  number  twice  as  a faetor. 
Thus,  the  second  power  of  108  is  108X108  = 11,664.  Ans. 

1 0 8 
1 0 8 
8 6 4 
10  8 0 
110  6 4 

(44)  9"  = 9X9X9X9X9  = 59,049.  Ans. 

9 

9 

8 1 

9 

7 2 9 

9 

0 5 0 1 

9 

5 9 0 4 9 


(451  .0133=  : . 0133  X. 0133  X. 0133  = .0000023,52037. 

Ans. 

.0133 
.0133 
3 9 9 
3 9 9 
1 3 3 

.0  0 0 1 7 0 8 9 
.0133 
5 3 0 0 7 
5 3 0 0 7 
1 7 0 8 9 


.0  00002  3 52037 
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Since  there  are  four  decimal  places  m the  multiplicand 
and  four  in  the  multiplier,  we  must  point  off  4 -(-4  ^ 8 deci- 
mal places  in  the  product ; but  as  there  are  only  five  figures 
in  the  product,  we  prefix  three  ciphers  to  form  the  eight 
necessary  decimal  places  in  the  first  product. 

Since  there  are  eight  decimal  places  in  the  multipli- 
cand and  four  in  the  multiplier,  we  must  point  off  8 -f-  4 
= 12  decimal  places  in  the  product;  but  as  there  are  only 
seven  figures  in  the  product,  we  prefix  five  ciphers  to  make 
the  twelve  necessary  decimal  places  in  the  final  product. 


(46)  Evolution  is  the  reverse  of  involution.  In  involution 
w^e  find  the  pozvcr  of  a number  by  multiplying  the  number 
by  itself  one  or  more  times,  while  in  evolution  we  find  the 
7iumbcr  or  root  which  was  multiplied  by  itself  one  or  more 
times  to  make  the  power. 

Remark. — When  referring  to  the  following  solutions  to 
the  examples  relating  to  square  and  cube  root,  the  student 
should  carefully  compare  the  work  with  the  solutions  to 
similar  examples  given  in  the  Instruction  Paper;  this  will 
enable  him  to  fix  the  principles  and  method  more  firmly 
in  his  mind. 


(47)  4/90=?  The  root  is  evidently  9 plus  an  intermi- 

nable decimal.  Trying  9 for  one  factor,  the  other  is  90  -t-  9 


= 10,  and  the  first  approximation  is  ^ = 9.5. 


2 

= 9.473+,  and  the  second  approximation  is 


90 -t- 9.5 

9.5  + 9.473 
2 


= 9.486+,  or  9.49  to  three  figures.  Using  9.49  for  one 
factor,  the  other  is  90 -f- 9.49  = 9.4836G+,  and  the  third 
9.49  4-9. 48300 

approximation  is  = 9.48683,  or  9.4868+  to 

five  figures.  Ans. 

This  solution  may  be  shortened  by  using  the  table  and 
applying  the  method  described  in  Art.  lOO  to  find  the  first 
three  significant  figures  of  the  root.  Referring  to  the  table, 
the  first  two  significant  figures  of  the  root  are  9.4;  the  first 
difference  is  90,25  — 88.30  = 1.89;  the  second  difference  is 
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90  — 88.36  = 1.64;  1.64 -i- 1.89  ^ S6-|-.  Hence,  the  first 
three  figures  are  9. 48. 


(48)  To  find  any  power  of  a mixed  numbct,  first  reduce 
it  to  an  improper  fraction,  and  then  multiply  the  numer- 
ators together  for  the  numerator  of  the  answer,  and  mul 
tiply  the  denominators  together  for  the  denominator  of 
the  answer. 


/ 3y  _ 15  15  15  _ 15  X 15  X 15  _ 3.375 

Vlj  “4^4^4“  4X4X4  “ 64 

= 52.734375.  Ans. 

^3  _ 3x4  + 3 _ 12  + 3 15 

"^4  “ 4 ~ 4 “ 4‘ 

1 5 
1_5 
7 5 

1 5 

2 2 5 



112  5 

2 2 5 

3 3 7 5 


47 

64)3375(52— 


3 20 
17  5 
12  8 
47 


64 


64)4  7.0  00000(. 7 34375 
4 4 8 
2 2 0 
19  2 


2 8 0 
2 5 6 


2 4 0 
19  2 
4 8 0 
4 4 8 


52 


47 

G4 


3 2 0 
3 2 0 
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Since  six  ciphers  were  annexed  to  the  dividend,  six  deci- 
mal places  must  be  pointed  off  in  the  quotient. 


(49)  #92,410  ? Pointing  off  into  periods,  the  result  is 

92'410.  Since  92  lies  between  f’’’  ==  04  and  5^  = 125,  the  root 
IS  4-|-.  Trying  4 for  one  of  the  two  equal  factors,  the  third 
factor  is  92 -j- 4'^  = 92-^10  = 5.75.  Trying  5 for  one  of  the 
two  equal  factors,  the  third  factor  is  92  5^  — 92  25  = 3.08. 

Difference  between  4 and  5.75  is  1.75,  and  between  5 and 
3.08  is  1.32;  hence,  use  5,  the  first  approximation  being 

= 4.o6,  or  4.0  to  two  figures. 


Using  40  for  one  of  the  two  equal  factors,  the  third  fac- 
tor is  92410-7-40°  = 92410-^-2110  = 43.07+,  and  the  second 


. . 2x40  + 43.07  ,, 

approximation  is  = 4o.22+,  or  4o.2  to  three 

O 

figures. 

Usin'g  45.2  for  one  of  the  two  equal  factors,  the  third 
factor  is  92410-1-45.2°  = 92410  -1-2043.04  = 45.2345+,  and 

2x45.2  + 45.2345+ 


the  third  approximation  is 


45.2115+, 


or  45.212—  to  five  figures.  Ans. 

The  first  three  significant  figures  may  also  be  found  by  the 
aid  of  the  table  and  the  method  described  in  Art.  101. 

In  order  to  obtain  two  figures  of  the  root  from  the  table, 
we  place  a decimal  point  between  the  first  and  second  signifi- 
cant periods;  the  result  is  92.410.  Referring  to  the  table,  the 
first  two  figures  of  the  root  are  4.5;  the  first  difference 
is  97.330  — 91.125  = 0.211;  the  second  difference  is  92.410 
-91.125  = 1.291;  1.291  4-6.211  = .20+.  Therefore,  #92.410 
= 4.52  and  #92,410  = 45.2  to  three  significant  figures. 


(50)  #502,081  = ? Pointing  off  into  periods,  we  have 

50'20'81.  The  first  figure  of  the  root  is  evidently  7,  since  7° 
= 49  and  8°  = 04.  The  two  factors  then  are  7,  and  50  4-  7 

= 7.14+  The  first  approximation  is  - ^ . = 7.07+, 

or  7.1  to  two  figures.  To  find  the  second  approximation,  we 
use  the  first  two  periods  and  drop  the  decimal  point  in  the 
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first  approximation.  One  factor  is  then  11  and  the  other  502G 
-^71  = 70. 78-(-.  The  second  approximation  is  therefore 

< 1 -[- < 0.  ij-Q  (j  three  figures.  Using  709  for 

2 

one  factor,  the  other  is  502681  -^709  ==  709.  Hence,  the 
number  is  a perfect  power  and  the  root  is  709.  Ans. 

Using  the  table  and  placing  a decimal  point  between  the 
first  and  second  periods  so  that  we  may  obtain  two  figures  of 
the  root  from  the  table,  the  number  becomes  4/50.2081  or  to 
four  figures,  V 50.27.  Referring  to  the  table,  the  first  two 
figures  of  the  root  are  7.0;  the  first  difference  is  50.41  —49.00 
= 1.41;  the  second  difference  is  50.27  — 49.00  = 1.27;  1.27 
-^1.41  = .9-f-.  Therefore,  V 502,681  = 709  to  three  figures. 


(51) 


^ _ 3 


Ans. 


(52)  4“  = 4X4X4  = 64. 

4''8  = 2. 

4®- #8  = 64-2  = 02.  Ans 
3 


(53)  Since  - — .375,^  - 4 .375.  Moving  the  decimal 

8 '8 

point  three  places  to  the  right,  the  number  becomes  375. 
Since  375  lies  between  7®  343  and  8^  =:  5 12,  the  root  is  7-j-- 

Trying  7 for  one  of  the  two  equal  factors,  the  third  factor  is 
375-;- 7^  — 375-4-49  = 7.65-}-,  and  the  first  approximation  is 


2x7-h7.65 

3 


: 7.21 


-j-,  or  7.2  to  two  figures.  As  the  differ- 


ence between  the  equal  and  unequal  factors  is  veiy  slight,  it 
is  not  necessary  to  tr}^  8. 

Using  7.2  for  one  of  the  two  equal  factors,  the  third 
factor  is  375^7.2“  = 375-4-51.84  = 7.233-}-,  and  the  .second 
2 x 7.2  + 7.233 

— ■ = 7. 211+,  or  7. 21  to  three 


3 


approximation  is 
figures. 

Using  7.21  for  one  of  the  two  equal  factors,  the  third 
factor  is  375  -4-7.21*=  375  -4-  51.9841  = 7.21374+,  and  the 

third  approximation  is  = 7.21124+,  or 
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7.2112+  to  five  figures.  Since  the  number  is  entirely  deci- 
mal, the  root  is  wholly  decimal ; hence,  locating  the  decimal 
point,  the  i“'^.37o  = .72112+.  Ans. 

By  aid  of  the  table,  the  first  three  figures  are  determined 
as  follows:  Move  the  decimal  point  three  places  to  the  right 
so  it  will  fall  between  the  first  period  375  and  the  cipher 
period  that  follows. 

Referring  to  the  table,  the  first  two  figures  of  the  root 
are  7.2;  the  first  difference  is  389.017  — 373.248  = 15.7G9; 
the  second  difference  is  375.000  — 373.248  = 1.752;  1.752 
-f- 15. 709  = .11+,  or  .1  to  one  figure.  Hence,  the  first  three 
figures  are  7.21,  or  the  -^.375  = .721.  The  fourth  and  fifth 
figures  are  tl:en  detennined  as  previously  indicated. 


(54)  +.3304  = ? 

Moving  the  decimal  point  two  places  to  the  right,  so  that 
the  first  period  may  be  integral,  the  result  is  33.04.  The  first 
two  factors  are  evidently  5 and  33-^5  = 0.0,  and  the  first 


approximation  is 


5 + 0.0 


5.8.  33.04-4-5.8  ==  5.8.  Hence, 


the  given  number  is  a perfect  power,  and  as  it  is  wholly 
decimal,  +.3304  = .58.  Ans. 


(55)  +3.1410  = ? 

Pointing  off,  we  obtain  3.14''1G.  The  first  two  significant 
figures  are  3.1.  It  is  evident  that  the  first  figure  of  the  root 
is  1,  since  1*  = 1 and  2*  = 4.  Using  1 as  one  factor,  the  other 


is3.1-j-l  = 3.1,  and  the  first  approximation  is 


1 + 3.1 
2 


= 2.05. 


Had  2 been  used  as  one  factor,  the  other  woidd  have  been 
3. 1-4- 2 = 1.55,  and  the  first  approximation  would  have  been 


^ = l-'^'^+»  or  1 8 to  two  figures. 


In  the  first  case. 


the  difference  between  the  two  factors  is  3.1  — 1 = 2. 1 ; in 
the  second  case,  the  difference  is  2 — 1.55  = .45.  As  the 
factors  are  more  nearly  equal  in  the  second  case  than  in  the 
first,  it  is  evident  that  1.8  is  more  nearly  eqt:al  to  the  correct 
value  of  the  root  than  2.05  is;  hence,  1.8  will  be  used  for  the 
first  approximation. 
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For  the  second  approximation,  use  the  first  two  periods 
and  1.8  for  one  factor,  the  other  factor  is  3.14 -j- 1.8  = 1.744-; 

hence,  the  second  approximation  = — ^ = 1.77.  Using 

1.77  for  one  factor,  the  other  is  3. 1410 -r- 1.77  = 1.77491+. 

The  third  approximation  is  = 1.772450,  or 


1.7725—  to  five  figures.  Ans. 

Using  the  table  to  find  the  first  three  figures,  the  first  two 
figures  of  the  root  are  1.7;  the  first  difference  is  3.24  — 2.89 
= .35;  the  second  difference  is  3.14  — 2.89  = 25;  .25^.35 
= .71+.  Therefore,  +3. 1410  = 1.77  to  three  significant 
figures. 


(50)  Since  some  number  multiplied  by  itself  equals 
114.9184,  then  the  number  is  +114.9184.  Pointing  off  into 
periods  and  placing  the  decimal  point  between  the  first  and 
second  periods,  we  have  1.14'91'84.  Considering  the  first 
two  figures,  it  is  evident  that  the  first  figure  of  the  root  is  1. 
Using  1 as  one  factor,  the  other  is  l.l-^l  = 1.1,  and  the 

first  approximation  is  ^ ^ = 1.05,  or  1.1  to  two  figures. 

/V 

Using  the  first  three  figures  and  1.1  for  one  factor,  the  other 
factor  is  1.15-f-l.  1 = 1,045+,  and  the  second  approximation 

is  ^ ^ = 1.072+,  or  1.07  to  three  figures.  Using 

/i 


1.07  for  one  factor,  the  other  is  1.149184 -f- 1.07  = 1.074003+, 

1.072001+, 


. 1.07 + 1.074003 
and  the  third  approximation  is  — 


2 


or  1.0720  to  five  figures.  Noticing  that  the  square  of  the 
last  significant  figure  is  2’*  = 4,  which  corresponds  to  the 
last  figure  of  the  given  number,  and  that  the  fifth  and  sixth 
figures  of  the  third  approximation  are  ciphers,  we  suspect 
that  the  given  number  is  a perfect  power.  We  find  such  to 
be  the  case  on  squaring  1.072.  Since  there  are  two  periods 
in  the  integral  part  of  the  number,  there  are  two  figures  in 
the  integral  part  of  the  root,  and  +114.9184  = 10.72.  Ans. 

Using  the  table  to  find  the  first  three  figures  of  the  root, 
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the  first  two  figures  of  the  root  are  1.0;  the  first  difference  is 
1.21  — 1.00  = .21;  the  second  difference  is  1.15  — 1.00  = .15; 
.15-T-.21  = .7.  Therefore,  the  first  three  figures  are  10.7. 


(57)  V3, 486, 781  = ? 

Pointing  off  into  periods,  we  have  3'48'G7'84.  Placing  a 
decimal  point  between  the  first  and  second  periods  and 
using  the  first  two  figures,  we  obtain  3.5.  Con.sidering  2 as 
one  factor,  the  other  is  3.5 -f- 2 = 1.75,  and  the  first  approx- 
imation is  ^ = 1.87-b,  or  1.9  to  two  figures.  For  the 


second  approximation,  we  use  the  first  two  periods  and  19 
for  one  factor,  the  other  factor  being  349  19  = 18. 37+. 

We  used  349  instead  of  348  because  the  fourth  figure  was  6, 
and  the  ^number  correct  to  three  figures  is  349.  The  second 


. . . 19  + 18.37 

approximation  is  


18.68+,  or  18.7  to  three  fig- 


ures. 34868 -V- 187  = 186. 459+;  + 186. 729+, 

or  1867.3—  to  five  figures.  Ans. 

In  order  to  obtain  three  figures  from  the  table,  we  place 
the  decimal  point  between  the  first  and  second  periods,  and 
use  the  first  two  periods  only;  that  is,  we  find  the  value 
of  4/3.49.  Referring  to  the  table,  the  first  two  figures  of 
the  root  are  1.8;  the  first  difference  is  3.61  — 3.24  = .37;  the 
second  difference  is  3.49  — 3.24  = .25;  .25-^-.37  = .67+, 
or  .7  to  one  figure.  Therefore,  4/3,486,784  = 187  to  three 
significant  figures. 

The  fourth  and  fifth  figures  may  be  found  as  previously 
indicated. 


(58)  4^.00041209  = ? 

Pointing  off  into  periods,  the  result  is  .00'04'12'09.  Placing 
the  decimal  point  between  the  first  and  second  periods  of  the 
significant  part  of  the  number,  we  obtain  4. 1 for  the  first  two 
figures.  The  first  factor  is  evidently  2 and  the  second  factor 

0 _L  2 05 

4. 1-^2  = 2.05.  The  first  approximation  is  7 — — = 2.02+, 
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or  2.0  to  two  figures.  Using  20  for  one  factor,  the  other  is 


412-^20  = 20.0,  and  the  second  approximation  is 


20  + 20. 0 
2 


: - 20.3. 


Using  203  for  one  factor,  the  other  is  4 1 209 -i- 203  ■ 203. 

Hence,  tjie  number  is  a perfect  power  and  the  significant 
figures  of  the  root  are  203.  There  being  one  full  cipher 
period  following  the  decimal  point,  the  root  is  .0203.  Ans. 

Using  the  table,  we  find  that  the  first  two  figures  of  the 
root  are  2.0;  the  first  difference  is  4.41  — 4.00  = .41;  the 
second  difference  is  4.12  — 4.00  = .12;  .12-^.41  = .3,  nearly. 
Therefore,  V.  0004 1 209  = .0203  to  three  significant  figures. 


: 20  ; X.  The  product  of  the  means 

13x20  is  equal  to  the  product  of  the 

200  extremes. 

260 

11.7  ) 2 0 0.0  0 0 ( 22.22+.  Ans. 

2 3 4 
2 6 0 
2 3 4 
2 0 0 
2 3 4 
2 0 0 
2 3 4 
2 0 

(60)  (a)  20  + 7:10  + 8::3:;r. 

27: 18::3:;r. 

‘llx  = 18X3 

27^:  = 54 

X — ^ Ans. 

(b)  (12)^:  (100)'^ 4:x 

144: 10,000  ::4:x. 

U4x  = 10,000X4 
144.r  = 40,000 

= 277.7+.  Ans. 


(59)  11.7:13: 

11.7;r  - 

11.7.r 

X = 


§3 


ARITHMETIC. 


31 


_ 40,000 

~ 144  ) 4 0 0 0 0.0  ( 277.7+.  Ans. 

2 8 8 
112  0 
10  0 8 
112  0 
10  0 8 
112  0 
10  0 8 
112 


4 

(31)  {a)  — = ^ is  equivalent  to  4 : ;ir 7 : 21.  The  prod- 

uct of  the  means  equals  the  product  of  the  extremes.  Hence, 

7;r  = 4x21 
7x  = 84 

X = ^ or  12.  Ans. 


In  like  manner, 


X 


— =:  js  equivalent  to  : 24 ::  8 : 16. 


16x  = 24x8 
16.V  = 192 

X = 


19  2 
1 6 


12.  Ans. 


(^) 


a 

1 0 


X 


is  equivalent  to  2 : 10 ::  -r : 100. 


10.V  = 2x100 
IQx  = 200 
X = = 20. 


Ans. 


no 

(d)  ^ = — is  equivalent  to 

15:45::G0:4r. 

15x  = 45X60 
15;r  = 2,700 
2,700 


X 


WtVV  = is  equivalent  to 


OOO 
10:150::.r 
150.r 
150.V 


X = 


15 


= 180. 
Ans. 


X = 


GOO. 
10  X GOO 
G,000 
6,000 


150 


= 40. 


Ans. 
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(62)  ;r;  5::  27: 12.5. 

5 

1 2 5 ) 1 3 5.0  ( 10|.  Ans. 

12  5 

1Q0._  4 
12  5 

(63)  45:60::;r:24. 

60;f 
60^ 

X 

(64)  ;r:35:;4:7. 

7jt  = 35X4 
nx  = 140 

;ir  = 140  ^ 20. 

(66)  #X^)0:#'T7MT::27:.r.  

Referring'  to  the  table,  we  find  that  the  -^1,000  = 10  and 
^1,331  = 11. 

10:11  ::27:.r. 
lOx  = 297 

X = = 29.7.  Ans. 


= 45X24 
= 1,080 
1,080 


60 


= 18.  Ans. 


Ans. 


(65)  9: a::;  6:  24. 

O.r  = 9X24 
Ox  = 216 

.r  216  = 30,  Ans. 


(67)  64:81  ::2H:iA 

Extracting  the  square  root  of  each  term  of  any  proportion 
does  not  change  its  value,  so  we  find  that  i/(!4 : l/81 ;:  v'21'‘ : 
is  the  same  as 

8:9::21:.r. 

8x  = 189 
X = 23.625.  Ans. 

(68)  7 8 : 7 ::  30  : 1'  is  equivalent  to 

15:7;:30:.r. 

15x  = 7X30 
15x  = 210 

=z  2_i^  = 14.  Ans. 


X 
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(G!))  2 ft.  5 in.  — 29  in. ; 2 ft.  7 in.  = 31  in.  Stating-  as  a 
direct  proportion,  29  : 31  2,480  : x.  Now,  it  is  easy  to  see 

that  .r  will  be  greater  than  2,480.  But  x should  be  less  than 
2,480,  since  when  a man  lengthens  his  steps,  the  number  of 
steps  required  for  the  same  distance  is  less ; hence,  the  pro- 
portion is  an  inverse  one,  and 

29:31  = ;r:  2,480, 
or  31;r  = 71,920; 

whence,  x = 71,920-^-31  = 2,320  steps.  Ans. 

(70)  This  is  evidently  a direct  proportion.  1 hr.  36 
min.  = 90  min. ; 15  hr.  = 900  min.  Hence, 

' 96  : 900  = 12  : .v, 
or  96.r  = 10,800; 

whence,  x = 10, 800 -j- 96  = 112.5  mi.  Ans. 

(71)  This  is  also  a direct  proportion;  hence, 

27.63:29.4  =;  .70:;r, 
or  27.03a:  = 29. 4 X.  70  = 22.344; 

whence,  x = 22. 344 -r- 27.63  = .808-}- lb.  Ans. 

(72)  2 gal.  3 qt.  1 pt.  = 23  pt. ; 5 gal.  3 qt.  = 46  pt. 

Hence,  23:40  = 5:x, 

or  23a:  46  X 5 = 230; 

whence,  x = 230  -:-  23  = 10  days.  Ans. 

(73)  Stating  as  a direct  proportion,  and  squaring  the 
distances,  as  directed  by  the  statement  of  the  example, 
G'^ : 12“  = 24:  a'.  Inverting  the  second  couplet,  since  this  is 
an  inverse  proportion, 

6“ : 12“  = a: : 24. 

Dividing  both  terms  of  the  first  couplet  (see  Art.  139) 
by  6, 

1“:2“  = a::24;  or,  1 :4  = a::24; 

4a:  = 24,  or  a:  = 6 degrees.  Ans. 


whence. 
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(74)  Taking  the  dimensions  as  the  causes, 

2 


15 

5 


= ;;2 


X,  whence,  2.r  = 75,  or  x = $37.50.  Ans. 


(75)  2 hr.  1=  120  min. ; 14  hr.  28  min.  = 808  min.  Hence, 

120:808  = 100  :;r, 
or  120.T  = 80,800; 

whence,  x = 7231  gal.  Ans. 

(70)  Taking  the  dimensions  as  the  causes, 


14 

2^ 

10 


■Si 


17  309 


X,  whence,  14.r  = 17x390  = 6,783, 

or  X — 484.V  hbl.  Ans. 


(77)  8 hr.  40  min.  = 520  min.  Hence, 

444: 1,000  = 520  :.r, 
130 

1,060  X52p  _ 137,800 


or  X = 


Ill 


111 


= 1,241.44+ min.  — 20  hr. 

41.44+  min.  Ans. 


(78)  1 min. 


51 : 00 


or 


X = 


00  sec.  Hence, 
= 0, 100  : X, 

00  X 0, 1 00 


0.0 


= 07,200  ft.  Ans. 


(7il)  Writing  the  statement  as  a direct  proportion, 
8:10  = 5 : X,  it  is  easy  to  see  that  x will  be  greater  than  5 ; 
but,  it  should  be  smaller,  since  by  working  longer  hours, 
fewer  men  will  be  required  to  do  the  same  work.  Hence, 
the  proportion  is  inverse.  Inverting  the  second  couplet. 


or 


8:10  = ;i' : 5, 

4 

X — 4 men.  Ans. 
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(80)  Taking-  the  times  as  the  causes, 


;p 

2 


X 


14 

/7p 

; whence,  ?>  x — 2x14  = 28, 

= 91  hr. 


or  X 
Ans. 


(81)  Taking  the  horsepowers  as  the  effects,  we  have  for 
the  known  causes  in  example  4,  Art.  108,  14“,  500,  and  48, 
and  for  the  known  effect  112  horsepower.  Hence, 


9 

n 

PPP 

m 

22 

14“ 

CO 

o 

p 

;;p 

500 

660  = 112 

X,  or  ^pp 

p6p  = 

48 

42 

P 

3 p 

PP 

PP 

whence,  x 9 X 22  X 3 = 594  horsepower.  Ans. 


(82)  First  find  the  volume  of  the  cylinder  in  cubic  inches, 
as  in  the  example.  Art.  104.  The  volume,  multiplied  by 
the  weight  of  1 cubic  inch  (.201  lb.)  will  evidently  be  the 
weight  of  the  cylinder.  Hence, 


10^  12^ 

20  60 


1,570.8 


X,  or 


whence,  x — 


144X3X1,570.8 

100 


100 


144 

3 1,570.8 

PP 


.r; 


= 1,771.11  lb.  Ans. 


(83) 


Referring  to  the  example  in  Art.  107, 


5 

P 

IP 

PP 

15 

40 

100 

20“ 

18“  = 187 

X,  or  ;4pp 

324  = 187 

10 

12 

;p 

4 

n 

whence,  x =■ 


324x4x187 


484.7  lb.  Ans. 


500 


i 


FORMULAS. 

(QUESTIONS  1-9.  SEC.  3.) 


(1) 


Substituting  for  x,  B,  and  i their  values, 


D-x  _ 120-12  _ 108  _ 
“ B -f  i “ 10  + 3.5  “ 13.5  “ 


Ans. 


A line  between  two  numbers  signifies  that  the  one  above 
the  line,  or  numerator,  is  to  be  divided  by  the  one  below 
the  line,  or  denomina  tor. 


(2)  Substituting  for  A,  h,  D,  and  x their  values, 
p _ A h-{-D  _ (5X200) + 120  _ 1,000  + 120 

^ “ 2x-\-Q  ~ (2X12)  + G “ 24  + 6 


1,120 

30 


= 37^. 


37i  + A> 


37i  + 120  rr  157+  Ans. 


When  there  is  no  sign  between  the  letters,  multiplication 
is  understood. 


(3)  Substituting  for  B,  /i,  A,  x,  and  t their  values. 


3.246  X Ax 

3.246X10X200 

6,492 

^ ~ A x-{-  /i 

~ (5X12) +200  “ 

260 

A i-B 

(5X3.5) -10 

7.5 

260  7 5 

6,402 -f  — = 6,492  xi^,  = 187.269+. 
7.0  200 

Ans 

(4)  Substituting  for  A,  D,  t\  and  B their  values, 


= x/~  = y ^ X = y 

T f/5+1.5  T (3.5x10) + 1.5  y 
- +16.4383  4.05+..  Ans. 


600 

36.5 
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a 


The  square  root  sign  extends  over  both  numerator  and 
denominator,  thus  indicating  that  the  sqiiare  root  of  the 
entire  fraction  is  to  be  extracted. 


(5)  vSubstitiuing  for  />,  x,  h,  and  A their  values, 


7C  = 


Bx 


.00018/^  (A'^—x) 


10  X 12 


120 


.03GX(2o-12) 


.00018  X 200  X (5^-12) 

“ _ «/  12 
2)  ~ V .036: 


20 


.036  X 13 
= ^256.41+  = 6.35+.  Ans. 


120 

Tim 


(6)  vSubstitiUing  for  /i,  D,  and  A their  values, 

_ 10  {h-Py  _ 10(200-120)^  _ 10X80"  _ 64,000 
~ A- A ~ ^120  + 5 ~ ~ 5 

= 12,800.  Ans. 


(7)  vSubstituting  for  /?,  A,  and  -D  their  values, 

_ {B-Af-  ^D-AA  _ (10 -5)"- '^120 + 5 _ 5"-fm 

“ M"-(l  + /J>)  ~ 5"-(l  + 120)  “ 125-121 

25  - 5 20  _ 

= - — - — - = — — =:  0.  Ans. 

4 4 


(8)  Substituting  for  A,  B,  and  Ji  their  values, 

= = /4^  = /i 

^ ^Ah  ^ f5x200  ^ #1,000  ^ lb 

= = 7.071+.  Ans. 


(9)  Siibstituting  for  A,  //,  D,  x,  and  B their  values. 


= |/100  = 10.  Ans. 


Geometry  and  Mensuration. 

(QUESTIONS  1-42.  SEC.  4.) 


(1)  (a)  The  angles  of  the  triangles  being  equal,  the  bevel 

angle  is  G()°.  Ans. 


(/;)  CE  = 2.oft.  O G ^ V{0  Cy-  {G  Gy  = V{2.oy  - {i.2oy 


- vTgD  2.1G 
_ CExOH  _ 
OG 


ft.  D E : C E = O II  : O G ov,  D E 

2.5  X 2.5  _ ^ Ans. 

2.  lb 


{c)  Since  the  width,  as  ///,  is  8 in.  = .07  ft., 
= 2.5  — .07  = 1.83  ft.  Then,  A B \ D F =.  O I \ O H\ 
DFxOI  2.89X1.83 


OH 

nearly.  Ans. 


2.5 


2.12  ft.  = 2 ft. 


li 


01 

or, 

in.. 


(2)  By  drawing  a diagram,  it  will  be  seen  that  T of  12  ft. 
= 0 ft.  is  the  longer  side  of  a right  triangle,  whose  hypote- 
nuse is  of  13  ft.  =:  -0.5  ft.  Then  the  shorter  side  of  the 
triangle  = l/(0.5)“  — 0''*  = 2.5  ft.,  which  is  one-half  a side 
of  the  octagon.  Hence,  the  entire  perimeter  of  the  octagon 
is  2. 5 X 2 X 8 = 40  ft.  Ans. 


(3)  {a)  C D :=  O D- O C.  O C = V{A  oy~{A  cy 

= 4^3’'  — (2.25)“  = 1.98  ft.  O D = ?>  ft.;  hence,  CD 
— 3 — 1.98  = 1.02  ft.  = 1 ft.  ^ in.  Ans. 

{b)  OC  = OD-CD-,  A B^2A  C = 2V{0  Ay -{O  C)\ 

Ans, 
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(4)  FB  = V24“  + 1B'  = 30  ft.  FD  = V'dO'^  + 14'^  = 33. 11  ft. ; 
E A = V24:^  + 30“  = 38.42  ft.  ; F C = Vl2“  -j-  14^  = 18.44  ft. 

Ans. 

(5)  Because  the  angle  included  between  lines  drawn  from 

the  center  to  the  ends  of  a side  includes  i of  3G0°,  or  G0°,  and 
the  other  angles  are  i(180°  — G(<°)  G0°;  hence,  the  tri- 

angle is  equiangular,  and,  therefore,  equilateral,  making  one 
side  of  a regular  hexagon  equal  to  the  radius  of  the  circum- 
scribing circle. 


(G)  The  sides  of  the  roof  being  equal  sides  of  a right  trian- 
gle, of  which  the  span  is  the  hypotenuse,  each  side  is  equal  to 


4^288.  Ans. 


and  C D B are  each  45°  and 
CE  = FD  = AE=U)  ft.: 
IG  ft.  Ans. 


(7)  Let  A B (see  figure)  be 
the  line  G in.  long.  Draw  A C 
= 7 in.,  and  connect  C and  B. 
Draw  parallels  to  C B through 
each  inch  mark  on  A C.  These 
lines  will  divide  A Aas  required. 

(8)  Since  the  angles  D C A 
A E is  perpendicular  to  C D, 

; therefore,  A B — 36  — (10  X 2) 


(9)  {a)  Since  the  side  slopes  are  half  pitch,  F G = F H 

= \ A B,  or  11  ft.  Then,  G H ^ \/{F  Hy-F{F  Gy 

= VlU-j- 11'*  = 15. 5G  ft.,  or  15  ft.  Gf  in.,  the  length  of  a 
common  rafter. 

(I?)  BG  = V{B  Dy-\-{B>  Cy,  but  B = E B E^ 
= ll^  + lU;  D G = lift.;  therefore,  B G = VlU  + lU + 11“ 
= 19.05  ft.,  or  19  ft.  f in.  Ans. 


(10)  Distance  A E — 
A C\E  G = A B:E  B; 
— 180  ft.  Ans. 


AA  = 210-^2  = 105  ft. 

. E Gy.  A B 
or,  A C = — = 


Then, 

90X210 


EB 


105 
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As  B D :FE  = A B :A  E,  B D = 


FExA  B 
A E 


86X210 

105 


= 172  ft,  Ans. 

(11)  (rt)  90° -37°  = 53°.  Ans. 

{b)  180° -37°  = 143°.  Ans. 

(12)  The  angle  included  between  two  radii  drawn  to  the 
ends  of  a side  of  a regular  nonagon,  is,  since  the  sides  are 
equal,  300° -f- 9 = 40°,  In  any  triangle,  the  sum  of  the 
angles  is  180°;  hence,  the  sum  of  the  other  two  angles  is 
180°  — 40°  = 140°;  the  angles  being  equal,  each  is  of  140°, 
or  70°.  As  a radius  drawn  to  the  angle  of  a regular  polygon 
bisects  it,  then  the  angle  between  two  sides  of  the  polygon 
is  twice  70°,  or  140°.  Ans. 

(13)  Since  a perpendicular  to  a diameter  from  a point  on  the 
circumference  is  a mean  proportional  between  the  two  parts 
of  the  diameter,  F B"^  = A Bx  B C;  or,  FB  = VA  BxB  C 
= i/4  X 12  = 6.93  ft.;  or,  thus,  OB  = AO  — AB  = 4 ft, 
and  FB  = V(0  Fy  — (O  Bf  = V — 4*  = 6.93  ft.  Hence, 
BF  = 11  ft.  - 6.93  ft.  = 4.07  ft.  Ans. 

(14)  One-half  of  32  ft.  is  16  ft.,  which  is  one  side  of  a 

right  triangle,  and  the  required  ler.gth,  12  ft.,  is  the  other 
side.  The  hypotenuse  is  Ul2'^  - 6^  = 20  ft.  Hold  the 

20-foot  mark  on  the  tape  at  one  end  of  the  line  32  ft.  long, 
the  36-foot  mark  at  the  middle  point,  and  bring  the  48  root 
mark  and  the  end  of  the  tape  to  an  intersection,  when  drawn 
taut.  Connect  this  point  and  the  middle  point  of  the  32-foot 
line.  (Any  method  involving  the  proper  application  of  right 
triangles  is  correct.) 

(15)  The  difference  is  merely  the  weight  taken  off  by  the 
rounded  corners.  At  each  corner  the  deduction  in  area  is 
equal  to  the  difference  between  a circle  of  2-inch  radius 
and  a square  of  twice  the  radius,  and  for  4 corners  it  is 
4 times  this,  or  the  entire  difference.  The  area  of  a 4-inch 
square  is  16  sq.  in.  ; that  of.  a circle  of  2-inch  radius  is 
12.57  sq.  in.:  the  difference  is  16  — 12,57  = 3.43  sq.  in.  The 
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thickness  being  1^  in.,  the  volume  is  3.43  X 1.25  = 4.29  cu.  in., 
and  at  .26  lb.  per  cu.  in.,  the  weight  is  1.11  lb.  Ans. 


(16)  30  in.  = 2.5  ft.;  18  in.  = 1.5ft.  Area  of  lower  base  is 
2. 5 X 2. 5 = 6. 25  sq.  f t. ; of  upper  base  is  1. 5 X 1. 5 = 2. 25  sq.  ft. 
By  the  formula  for  frustum  of  pyramid,  the  volume  is 

+ = 1(6.25  + 2.25  + 4/6.25  X 2.25) 

= 2(8.50  + 3.75)  = 24.5  cu.  ft.  Or,  in  the  prismoidal  for- 


(2.5  4- 1 5\® 

— A— — 4 sq.  ft.,  the 
volume  is  |(+  + «:  + 4J/)  = |(6. 25  + 2. 25  + 16)  = 24. 5 cu.  ft. 


As  there  are  22^  brick  to  a cu.  ft.,  each  pier  will  contain 
22.5X24.5  = 551.25  brick;  18  piers  will  therefore  require 
551.25x18  = 9,922.5  brick.  Ans. 


(17)  The  area  of  the  ring  is  the  difference  between  a 
7-inch  and  a 6-inch  circle,  or  ^(7'*— 6^^)  = 10.21  sq.  in.;  that 

of  the  flanges  = f in.  X 1 in.  X 4 = 3 sq.  in.,  making  a total 
of  13.21  sq.  in.  Since  a strip  1 foot  long  and  1 inch 
square  weighs  3.33  lb.,  1 foot  of  the  column  will  weigh 
13.21  x3.33  = 43.99  lb.  Increasing  this  by  2 per  cent., 
the  weight  per  foot  is  43.99x1.02  = 44.87  lb.  Ans. 

(18)  Reducing  feet  and  inches  to  feet  and  deeimals: 

1 piece,  4.5  X 3. 75x1. 25  = 2 1.0  9 cu.  ft. 

1 piece,  4.25x3.5  X 1.25  = 1 8.5  9 cu.  ft. 

1 piece,  5.25X4.0  Xl.25  2 (!.2  5 cu.  ft. 

3 pieces,  3.25x3.5  Xl.25  = 4 2.6  6 cu.  ft. 

2 pieces,  5.5  X4.0  Xl.25  = 5 5.0  0 cu.  ft. 

1 piece,  5.0  X3. 75x1. 25  = 2 3.4  4 cu.  ft. 

1 piece,  4.75X4.5  Xl.25  m 2 6.7  2 cu.  ft. 

2 pieces,  4.5  X4.25  Xl.25  = 4 7. 8 2 cu.  ft. 

Total,  2 6 1.5  7 cu.  ft. 

261.57  cu.  ft.,  at  140  lb.  per  cu.  ft.,  weigh  36,619.8  lb. 
=:  366.2  hundred  pounds.  At  21  cents  per  hundred,  the 
freight  charges  are  366. 2 X $.21  = $76.90.  Ans. 


§ 4 GEOMETRY  AND  MENSURATION.  5 

(19)  (a)  M D,  D L,  KB,  B I,  A H,  and  A G are  all  equal, 
and  their  true  length  is  the  hypotenuse,  as  M'  D',  of  a right 
triangle,  the  sides  of  which,  as  AP  D"  and  D’  D",  are  each 
10  ft.;  hence,  AF  D' , etc.  = 4/10''  + — 14.14  ft. 

Kxq^,ABIH  = H'A'xHI  = 14.14x36  = 5 0 9.0  4 sq.ft. 
Area,  GFCA  = ^ {G  F+ A C)  X A'  G' 

= ^^^1^X14.14  = 2 4 0.3  8 sq.ft. 

Area,  F KB  C = |(A  A"  + (7  B)  X K'  B’ 

~^  + ^xl4.14  12  7.2  6 sq.ft. 

/C 

Area,  AI D C F and  D L E C 
= ^l\\{AIFA-DC)xArD’\ 

= 2 (^^-|'---X14.14^  = 4 2 4.2  0 sq.ft. 

Total,  1,3  0 0.8  8 sq.ft. 

Ans. 

{b)  The  length  of  the  valley  F C is  the  hypotenuse  of  a 
right  triangle  on  the  roof  surface  of  which  the  real  length  of 
FN  (which  is  AT  D')  and  NC  (=  M (7  = 10  ft.)  are  the 
sides;  hence,  FC  — f {^AF  D'Y  f Cy  — 4/(14.14)''* 10'' 
= 4/300  = 17.32  ft.  = 17  ft.  31  in.  Ans 

(20)  The  quantity  discharged  is  the  volume  of  a cylinder 
whose  length  is  5 X 60  = 300  ft.  ; the  area  of  a 4-inch  circle 
is  12.57  sq.  in.  .09  sq.  ft.  ; hence,  the  volume  is  .09x300 
= 27  cu.  ft.,  which,  reduced  to  gallons,  gives  27x7.5 
= 202. 5 gal.  Ans. 

(21)  The  volume  of  the  metal  will  be  3 -=-.41  = 7.32 
cu.  in.  The  area  of  a If-inch  circle  is  2.4  sq.  in. ; that  of  a 
1^-inch  circle  = 1. 77  sq.  in. ; the  area  of  the  ring  is,  therefore, 
2.40  — 1.77  = 0.63  sq.  in.;  hence,  the  length  required  is 
7.32-t-0.63  = 11.6  in.  Ans. 

(22)  (a)  In  the  formula  , . . 

T rt  

’ 

c = 6 ft.  8 in.  = 80  in.,  and  h — 3 in.  Substituting, 

= 80^X£  ^ = 8 ft.  8 in.  Ans. 

8X8 


r 
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(^)  In  the  formula 

^ ~ 3 ’ 

= 80  in  , /^  = 8 in.  Substituting, 

, 4V6,400  + 256  --80  4x81.58-80  . 

I = Is = :s = 82.11  in., 

o o 

the  length  of  arc;  as  there  are  13  stones,  the  length  of  each 
is  82.11 -t- 13  = 6 32  in.  Ans. 


(23)  Since  A C is  a.  mean  proportional  to  the  height  C D 
and  the  other  part  of  the  diameter,  which  we  will  denote 
by  A;  then, 

SxCD  = A C ; or,  N = = ^ = 200  in., 

C IJ  o 

The  diameter  is  the  sum  of  the  two  parts,  or  S-\-CD 
— 200  + 8 = 208  in.  The  radius  is,  therefore,  208-^2 
= 104  in.,  or  8 ft.  8 in.  Ans. 


(24)  The  area  required  is  the  difference  in  areas  of  a 
12-inch  circle,  and  the  segment  A D B.  The  area  of  the 
circle  is  .7854x  12“  = 113.10  sq.  in.  The  length  AC 
= V(N  Of-{0  Cy  = - 3“  = 5.2  in.,  and  M = 5.2x2 

= 10. 4 in.  The  length  of  the  arc  A D B is  found  by  formula 


, _ 4vV  + 4 B-c 

I - - . 

£ = A B = 10. 4:  in. ; /i  = C D — 3 in. ; hence. 


I = 


44/108.1(1  + 30-10.4  4x12.0-10.4 


3 


= 12.53  in 


The  area  of  sector 
OADB 

Z /V 


37.59  sq.  in. ; 


the  area  of  triangle  is  - = 15.00  sq.  in.,  whence,  area 

/C 

of  segment  M DB  — 37.59  — 15.00  = 21.99  sq.  in.  Deduct- 
ing 21.99  sq.  in.  from  113.10  sq.  in.,  the  area  of  the  circle, 
the  remainder  is  91.11  sq.  in.  Ans. 
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(25)  3 pieces,  3"  X 10"  X 1C' 0' 

8 pieces,  3"xl0"xl2'  G" 
6 pieces,  3"  X 8"X14'G" 
10  pieces,  3"X  8"X  9'  0" 
4 pieces,  3"  X G"xl0'6" 
20  pieces,  3"X  G"X  7'  0" 
8 pieces,  4"X  G"xl8'0" 
4 pieces,  4"  X G"X  G' 0" 
52  pieces,  2"  X 4"xl8'0" 
15  pieces,  2"X  4"X  9' G" 
600  ft.  B.  M.  1"XG"  flooring 
200  ft.  B.  M.  2-inch  plank 

Total, 


= 1 2 0 ft.  B.  M. 
= 2 5 0 ft.  B.  M. 
= 1 7 4 ft.  B.  M, 
= 1 8 0 ft.  B.  M. 

G 3 ft.  B.  M. 
= 210  ft.  B.  M. 
= 2 8 8 ft.  B.  M. 
; 5 2 ft.  B.  M. 

= G 2 4 ft.  B.  M. 
= 9 5 ft.  B.  M. 

= 6 0 0 ft.  B.  M. 
= 2 0 0 ft.  B.  M, 

2,8  5 G ft.  B.  M. 


Ans. 


(26)  Perimeter  of  the  house  is  12  -f- 10  12  14  -f  24  -{-  24 

= 96  ft.  The  height  of  it  being  22  ft.,  the  area  is  96x22 

14  X 7 

= 2,112  sq.  ft.  Adding  for  gables,  one  — - — = 49  sq.  ft., 
12  V 7 

and  one  — - — = 42  sq.  ft.,  the  total  area  is  2, 1 12  + 49 -f- 42 

= 2,203  sq.  ft.  Deduct  10  windows,  3 ft.  X 7 ft.  = 210  sq.  ft. ; 
10  windows,  3 ft.  X 6 ft.  0 in.  = 180  sq.  ft. ; and  4 doors, 
3 ft.  6 in.  x8  ft.  = 112  sq.  ft.  The  total  deduction  is 
210  + 180  + 112  = 502  sq.  ft.;  therefore,  the  net  surface  is 
2,203  — 502  = 1,701  sq.  ft.,  requiring,  at  7 bricks  per  sq.  ft., 
1,701X7  = 11,907  bricks.  Ans. 


(27)  The  major  axis  of  the  glass  is  8 ft. — (4  in.  x 2) 

= 7 ft.  4 in.  = 7.33  ft. ; the  minor  axis  is  5 ft.  — (4  in.  X2) 

= 4 ft.  4 in.  = 4.33  ft.  Then  the  area  is,  by  the  formula 

A = .7854^/Z?  = .7854X4.33X7.33  = 24.93  sq.  ft.  Ans. 

(28)  The  area  of  the  semielliptical  arch  is  one-half  of 

.7854  ^ = 4x2  = 8 ft. ; 7?  = 10  ft.  ; hence,  the  area 

is  +.7854x8x10)  = 31.42  sq.  ft.  Adding  this  to  the  rect- 
angular area,  6 ft.  X 1 0 ft.  = GO  sq.  ft. , the  total  area  is 

91.42  sq.  ft.,  which  exceeds  the  required  area,  88  sq.  ft.,  by 

3.42  .sq.  ft  Ans. 
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(39)  Find  the  area  of  cross-section,  beginning  at  the 
bottom : 


7.5  ft.X 

1 

ft.  = 

7.5 

0 

sq. 

ft. 

C.5  ft.  X 

1 

ft.  = 

G.5 

0 

sq. 

ft. 

Triangular  portion. 

1.25  ft.  X ^ 
2 

15 

ft.  _ 

9.3 

7 

sq. 

ft. 

Center  part. 

2 f t.  X ; 

15 

ft.  = 

3 0.0 

0 

sq. 

ft. 

Under  “steps”— 

1 strip. 

3.7 

1 strip  (3.75x2), 

7.5 

0 k75  ft.  X 

:22.5  = 

1 6.8 

7 

sq. 

ft. 

1 strip  (3.75X3),  1 

1.2 

5) 

Total,  2 

2.5 

0 

Coping, 

2.5  ft.X 

.5 

ft.  = 

1.2 

5 

sq. 

ft. 

Total  area  of  c: 

ross 

-sections. 

7 1.4 

9 

sq. 

ft. 

The  length  being  IG  ft.,  the  contents  are  71.49x19 
= 1,143.84  cu.  ft.  = 1, 143.84 27  = 42.36  cu.  yd.  Ans. 


(30)  In  the  formula 
/ = 


3 ’ 


c ■=  3-|  ft.  = 42  in. ; //  = 3 in. ; substituting, 


/ = 


4 V42"  + 3'^  X 4 - 42  4 VT^()0  - 42 


3 


= 42. 57  in.  = 42^  in. , 


or  3 ft.  in.  Ans. 


(31)  A A‘'+2  ft.  = 26  ft. ; A ^+2  ft.  = 20  ft. 

A F xA  B =■  5 3 0 sq.  ft. 

CD  = 12  ft.;  + = IG  ft. 

CDxD  E = 1 9 2 sq.  ft. 

Total,  7 1 2 sq.  ft. 

712X9  = 6,408  cu.  ft.,  and  6,408 -t- 27  = 237.33  cu.  yd. 

Ans. 

(32)  {a)  Since  the  height  of  the  gables  is  the  width, 
24  ft.,  it  is  I X 24  = 15  ft.  The  length  of  the  roof  slope  is  the 
hypotenuse  of  a right  triangle,  the  sides  of  which  are  15  ft. 
and  12  ft.  (one-half  the  width);  it  is,  therefore,  4/15’“ + 12’' 
= 19.21  ft.  Adding  15  in.  = 1.25  ft.,  the  total  width  of  each 
half  of  the  roof  is  19.21  + 1.25  = 20.46  ft.  The  length 
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is  32  ft. -{-(1''’^  in.  X2)  ==  34.5  ft.  The  area  of  each  half  is 
20.49X34.5  = 705.87  sq,  ft.  ; the  area  of  the  whole  is,  there- 
fore, 705,87  sq.  ft.  X2  = 1,411.74  sq.  ft.,  which  is  equal  to 
1,411.74-^100  = 14.12  squares.  Ans. 

(^)  The  exposed  area  of  a slate  is  12  X 8 = 102  sq.  in.  In 
a square  there  are  144x100  = 14,400  sq.  in.  Since  1 slate 
covers  102  sq.  in.,  to  cover  14,400  sq.  in.  will  require 
14,400-^102  = 141-}-  slates.  Ans. 

(33)  In  the  formula  for  surface  of  a sphere,  S = -z  d is 
3 ft. ; the  surface  of  the  hemisphere  is,  therefore,  d'^ 
= -1X3.1416X9  = 14.14sq.  ft.  Deducting  5 sq.  ft.  for  open- 
ing.s,  the  net  surface  is  9.14  sq,  ft.  Ans. 

(34)  The  outer  diameter  is  10  in. -}- (i  in.  X 2)  = 11  in. 
The  area  of  an  11-inch  Circle  is  95.03  sq.  in.;  that  of  a 10-inch 
circle  is  78.54  sq.  in.;  the  area  of  the  ring  is,  therefore, 
95.03  — 78.54  = 16.49  sq.  in.  The  length  is  12  ft.  = 144  in.; 
multiplying  16.49  by  144,  the  contents  are  2,374.56  cu.  in. 
= 2, 374. 56 -t- 1,728  = 1.37  cu.  ft.;  1.37  cu.  ft,  at  450  lb.  per 
cu.  ft.,  weigh  1.37x450  = 616.5  lb.  Ans 

(35)  ((?)  The  circumference  of  the  tower  — z d — 3.1416 
X8  ft.  = 25.13  ft.  The  area  of  the  surface  is  25.13x28  (the 
height)  = 703.64  sq.  ft.,  which  divided  by  100,  the  number 
of  sq.  ft.  in  a square,  gives  7.04  squares.  Ans. 

(b)  The  exposed  area  of  a shingle  is  5X6  = 30  sq.  in. 
There  are  144  .sq.  in.  X 100  = 14,400  sq.  in.  in  a square, 
which  will  therefore  require  14, 400 -t  30  480  shingles.  Ans. 

(36)  The  area  of  the  ba.se  plate  is  15x  15  = 225  sq.  in., 
less  the  area  of  a 7-inch  circle  and  the  portion  cut  out  at  the 
corners,  which  is  equal  (for  four  corners)  to  the  difference 
between  a 4-inch  scpiare  and  a circle  4 inches  in  diameter;  or, 
16  sq.  in.  —12.57  sq.  in.  = 3.43  sq.  in.  The  area  of  a 7-inch 
circle  is  38.48  sq.  in.  Adding  38.48  and  3.43,  the  total  deduc- 
tion is  41.91  sq.  in.,  which  subtracted  from  225  sq.  in.  leaves 
183.09  sq.  in.  The  thickness  being  11-  in.  = 1.5  in.,  the  con 
tents  are  183.09x  1.5  = 274.63  cu.  in. 
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The  height  of  the  cylindrical  part  is  2 in. ; its  area  is  the 
difference  between  the  areas  of  an  11-inch  and  a 10-inch 
circle,  which  is  95.03  — 78.54  = 10.49  sq.  in.;  hence,  the 
contents  are  16.49x2  = 32.98  cu.  in.  The  triangular  side 
2-1-0 

area  of  the  ribs  is  - — r — X 44  = 4. 5 in. ; the  thickness 

2 ^ 

being  in.,  the  contents  of  each  are  4. 5 X.5  — 2.25  cu.  in. ; 
and  for  four  the  contents  are  2.25X4  = 9 cu.  in. 

Adding  the  several  portions,  the  total  contents  = 274.63 
-|-32.98-[-9  = 316.61  cu.  in.  The  weight  is,  therefore, 
310.61  X. 20  = 82.32  lb.  Ans. 


(37)  The  area  of  the  lower  base  is  12x30  = 360  sq.  ft.; 
that  of  the  upper  base  is  7 X 22  = 154  sq.  ft.  The  area  of  a 
mid-section  is 


12  -f  7 30-1-  22 

— X — — 


9.5X20  = 247  sq.  ft. 


By  the  prismoidal  formula,  the  volume  is 

%»(360-j- 154 -f  247  X4)  ==  2^x1,502  = 7,009.33  cu.  ft. 

= 7,009.33-^-27  259.0  cu.  yd. 

At  $12.00  per  cu.  yd.,  the  cost  is  259.6x  12  = $3,115.20. 

Ans. 


(38)  The  volume  of  the  ball  is  25 -4-. 2 6 = 90.15  cu.  in. 
The  diameter 
nearly.  Ans. 


■'< /96.15  _ 
T .5236  “ 


#183.63  = 5.68  in.  = 5|^  in.. 


(39)  The  area  of  the  two  plates  is  2(12  xf)  = 9 sq.  in. 
Each  channel  consists  of  a rectangle  which  has  an  area  of 
10  X ^ = 24  sq.  in. , and  2 trapezoids  each  (2|-  in.  in.)  long. 


and  with  an  average  width  of 


i in., 


and  an  area  of 


2 X (2^  X 1^)  = 2|  sq.  in. , making  a total  for  each  channel  of 
2|  + 2i  = 4f  sq.  in.  ; for  two  channels  the  area  is  4f  X 2 
= 91  sq.  in.  Adding  the  area  of  the  plates,  the  total  is  9|--|-  9 
= 18^  sq.  in.  Multiplying  by  12  (inches  in  a foot),  the  con- 
tents per  foot  of  length  are  18^X12  222  cu.  in.,  and  the 

weight  at  .283  lb.  per  cu.  in.  is  222  X. 283  = 02.83  lb.  Ans. 
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(40)  (a)  The  area  of  the  footing  is 

Each  side  is  therefore  V 16  ft.  4 ft.  Ans. 


(/^)  The  area  of  the  base  plate  is 
and  each  side  is  ft.  = 2.10  ft. 


96,000 

2,000X10 

Ans. 


16  sq.  ft. 


4. 8 sq.  ft. ; 


(41)  The 
diameter  = 


required  area  is 

/Wi  = 


=-  2.75  sq. 
in.,  nearly. 


in. 


The 


(42)  The  monument  consists  of  a frustum  of  a pyramid 
and  a pyramid.  For  the  former,  the  area  of  the  lower  base  is 
3X3  = 9 sq,  ft. ; that  of  the  upper  base  is  1 X 1 = 1 sq.  ft. 
Using  the  formula 


7 

V = |(M  + + V~r^)  = -1/(9  + 1 + Xo>ri)  = 78  cu.  ft. 

{Z  It 

The  volume  of  the  pyramid  is  — \ a — 1 sq.  ft.  \ h = 2 ft. ; 

o 


therefore,  ^ = # cu.  ft.  The  total  is  78  + 4 

’ 3 3 13 

= 78f  cu.  ft.,  and  the  weight  at  170  lb,  per  cu.  ft.,  is 
78fXl70  = 13,373^  lb.  Ans. 


Architectural  Engineering. 

(QUESTIONS  1-72.  SEC.  5.) 


(1)  At  the  point  of  support.  See  Art.  88  and  formula 
10,  Art.  97. 

(2)  120  pounds  per  square  foot.  See  Table  4,  Art.  43. 

(3)  The  depth  of  the  beam  in  inches  should  not  be  less 
than  half  the  span  of  the  beam  in  feet.  See  Art.  109. 

(4)  Beginning-  at  the  point  a.  Fig.  1,  draw  the  line  ab 
parallel  to  the  force  of  800  pounds,  and  on  this  line  lay  off 
the  distance  a b equal  to  800  pounds  to  the  assumed  scale. 
From  b draw  be  parallel  to  the  force  of  500  pounds  and  lay 
off  on  it  the  distance  b c equal  to  500  pounds  to  scale.  From 
c draw  c d parallel  and,  to  the  assumed  scale,  equal  to  the 
force  of  1,900  pounds.  In  the  same  way,  draw  de  and  e f 
equal,  respectively,  to  the  forces  of  1,000  pounds  and  1,G00 
pounds,  thus  locating  the  point  f.  Join  f and  a,  and  a f, 
measured  by  the  scale  with  which  the  sides  from  a \o  f were 
laid  off,  is  the  magnitude  of  the  resultant  of  the  several 
forces,  and  the  direction  of  the  resultant,  as  given  by  the 
arrow  on  a f is  opposite  to  the  general  direction  in  which 
the  given  forces  were  laid  off. 

(5)  The  horizontal  component  of  a force  is  that  part  of 
the  force  which  tends  to  produce  motion  in  a horizontal 
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direction.  The  vertical  component  of  a force  is  that  part  of 
the  force  which  tends  to  produce  motion  in  a vertical  direc- 
tion. See  Art.  19. 


(G)  In  accordance  with  the  principles  given  m Art.  Ill, 
the  weight  to  be  supported  is  that  of  a triangular  piece  of 


brickwork  whose  volume  is  i X 25  X X 2 = 


208^  eu. 


ft. 


The  weight  of  a cubic  foot  of  brickwork  in  lime  mortar, 
from  Table  1,  Art.  40,  is  120  pounds;  the  total  weight  to 
be  supported  by  the  beams  is,  therefore,  208^X  120  = 25,000 
pounds.  The  bending  moment,  from  formula  14,  Art.  97,  is 


M = 


25,000  X 25  X 12 
G 


= 1,250,000  in. -lb. 
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Since  the  safe  unit  stress  is  15,000  pounds  per  square 
inch,  the  section  moduliis  for  the  two  beams  must  be 
1,250,000 -4- 15,000  = 83^,  and  the  section  modulus  for  each 
beam,  83^4-2  = 41|.  Referrinj^  to  Table  11,  we  find  the 
section  modulus  of  a 12-inch  39.4-pound  beam  to  be  44.72, 
and  of  a 15  inch  41.2-pound  beam,  57.73,  and  that  the.se  are 
the  lightest  beams  that  will  .satisfy  the  requirements;  con- 
.scquently,  either  of  these  may  be  used.  Ans. 

(7)  See  Art.  1 1 0. 

(8)  The  moments  of  the  loads  with  respect  to  the  right- 
hand  support  as  a center  are  as  follows; 

4,500X  0 = 4 0,5  0 0 ft. -lb.  . 

8,100  X 14  = 1 1 3,4  0 0 ft. -lb. 

(1,000X20  = 1 2 0,0  0 0 ft. -lb. 

Total,  2 7 3,9  0 0 ft. -lb. ; 

the  reaction  /v,  is,  therefore,  273,900  4-  32  = 8,559  pounds, 
nearly.  Beginning  at  the  left-hand  support,  where  the  reac- 
tion is  8,559  pounds,  and  subtracting  from  the  reaction  the 


s 

c 

S 

c 

- 

Ri 

Rj, 

Fig.  2. 


successive  loads  towards  the  right,  we  find  that  up  to  the 
point  of  application  of  the  load  of  8,100  pounds,  18  feet  from 
the  left  support,  the  load  is  18x-ff-  = 4,500  pounds;  this 
is  less  than  the  reaction  by  8,559  — 4,500  = 4,059  pounds, 
but,  when  the  concentrated  load  is  considered,  the  loads 
exceed  the  reaction.  The  .shear,  therefore,  changes  sign 
under  the  load  of  8,100  pounds,  18  feet  from  the  left-hand 
end.  Ans. 
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(9)  In  office  building's  it  is  not  likely  that  all  the  floors 
will  be  fully  loaded  at  any  one  time,  but  in  storage  ware- 
houses all  the  floors  are  often  fully  loaded.  See  Art.  (H>. 


(10)  From  Table  G,  Art.  (>1,  the  ultimate  compressive 
strength  of  yellow  pine  is  4,400  pounds  per  square  inch; 
assuming  in  accordance  with  the  last  paragraph  of  Art.  70, 
a column  10  inches  square  and  substituting  in  formula  .‘5, 
Art.  70,  the  ultimate  compressive  strength  of  the  column  is 


of  sectional  area.  With  a factor  of  safety  of  5,  the  safe  load 
3 440  G 

on  this  column  is XlOO  G8,002  pounds,  much  less 

than  the  load  to  be  carried.  Assuming,  now,  a eolumn  12 
inches  sqmire,  we  have 


.V  = 4,400 


4,400  X 21 G 
100  X 12 


= 3,G08  lb.  per  sq.  in., 


and  the  safe  load  is  X 144  = 103,010  pounds;  the  size 
of  the  column  should,  therefore,  be  12  in.  X 12  in.  Ans. 


(1 1)  Taking  the  center  of  moments  over  the  left  reaetion, 
the  moments  of  the  loads  are  as  follows : 

4,000X  5 = 2 0,0  0 0 ft. -lb. 

2,000X10  = 2 0,0  0 0 ft. -lb. 

3,000X12  = 3 G,0  0 0 ft. -lb. 

Total,  7 G,0  0 0 ft. -lix 

The  reaction  is  7G,000-;-20  = 3,800  pounds;  subtracting 
from  this  the  load  (.see  Art.  S5),  the  shear  between  the 
points  and  c is  3,800  — 3,000  = 800  pounds.  Ans. 

(12)  Taking  the  center  of  moments  over  R^,  the  moments 
of  the  loads  are  as  follows: 

9,000X15  = 1 3 5,0  0 0 ft. -lb. 

11,000x25  = 2 7 5,0  0 0 ft. -lb. 

19,000x28  = 5 3 2,0  0 0 ft. -lb. 

10;000x50  - 5 0 0,0  0 0 ft. -lb. 

Total,  1,4  4 2,0  0 0 ft. -lb. 
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T 

Ri 

Fig.  3. 


The  reaction  is  1,442,000-^-10  = 30,050  pounds.  Ans. 

(13)  See  Art.  78. 

(14)  See  Art.  75. 

(15)  The  brackets  imder  the  I beams  are  too  thin,  and  the 
webs  under  these  brackets  do  not  correspond  with  the  require- 
ments stated  in  Art.  74  ; there  is  also  no  provision  for  bolting 
the  I beams  to  the  column.  The  base  is  too  thin  and  has  no 
ribs  for  strengthening  it.  The  column  should  be  designed 
according  to  the  principles  laid  down  in  Art.  74. 

(IG)  The  sum  of  the  reactions  must  equal  the  sum  of  the 
loads.  See  Art.  78. 

(17)  The  sum  of  the  loads  is  8,000 -f  7,000 -f  9,000 
= 24,000  pounds;  in  accordance  with  the  principles  of  Art. 
78,  since  one  reaction  is  12,000  pounds,  the  other  must  be 
24,000  — 12,000  = 12,000  pounds.  Ans. 

(18)  Applying  formula  II),  Art.  1 1 and  substituting 
the  value  of  the  coefficient  c for  granite,  the  safe  load  the 
lintel  will  carry  is 

9^  V 90* 

IV  = - , / - X.12  = 20  tons.  Ans. 

(19)  In  accordance  with  the  principles  stated  in  Art. 
116,  the  stress  in  each  of  the  struts  is  of  the  total  uni- 
formly distributed  load  on  the  beam,  that  is,  1,000X30X^^ 
= 11,000  pounds. 
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(u)  The  length  of  the  diagonal  portion  of  the  camber  rod 
+ = 10. 108  feet;  applying  formula  Art.  110, 

the  stress  on  the  camber  rod  is 

- — 1^^X11,000  = 50,089  pounds.  Ans. 

/I 

(/^)  Applying  formula  1^0,  the  stress  in  the  beam  is 
yx  11,000  = 55,000  pounds.  Ans. 

(20)  The  allowable  unit  stress  is  G0,0O0-f-,‘}  = 20,000 
pounds;  the  safe  total  stress  is  G X 20,000  = 120,000  pounds. 

Ans. 

(21)  The  compressive  stress  per  square  inch  of  area  is 
135, 3G0  -t-  144  = 940  pounds.  From  Table  G,  Art.  (>1,  the 
idtimate  compressive  strength  of  oak  is  3, GOO  pounds  per 
square  inch;  the  factor  of  safety  is,  therefore,  3, GOO -=-940 
= 3.83.  Ans. 

(22)  A factor  of  safety  of  at  least  10  should  be  used. 
See  Art.  113. 


(23)  When  all  the  forces  acting  in  any  one  direction  are 
balanced  by  an  equal  set  of  forces  acting  in  the  opposite 
direction.  See  Art.  18. 


(24)  The  total  load  on  the  girder  is  2,500X30  = 75,000 
pounds. 

(r)  According  to  the  principles  laid  down  in  Art.  115, 
the  stress  in  the  central  strut  is 


IF  - fx  75,000  = 4G,875  lb.  Ans. 

(rt)  The  length  of  one-half  of  the  camber  rod  is  5''  -j-  2’’ 
= 15.13275;  applying  formula  21,  Art.  115,  the  stress  in 
the  camber  rod  is 


/V 

(/>)  Applying  formula  22,  the  compressive  stress  in  the 
beam  is 

V’ X A ^ 175,781  lb.  Ans. 
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(2/))  Referring-  to  Table  2,  Art.  40,  tlie  weights  of  the 
various  materials  in  the  covering  of  the  roof  arc  found  to  be 
as  follows: 


Spanish  tiles,  1 sq.  ft., 

3 inches  spruce  @ 2 lb. , 1 sq.  ft., 

2 layers  Neponset  roofing  felt,  1 sq.  ft.. 

Total, 


81-  lb. 

G lb. 
jib. 

1 5 lb.  Ans. 


(2G)  The  dead  load  compri.ses  the  weight  of  the  building 
with  its  permanent  fixtures,  while  the  live  load  consists  of  the 
weight  of  people,  furniture,  movable  stocks  of  goods,  and  all 
materials  or  fixtures  si:bject  to  frequent  changes  of  position. 
See  Arts.  40  and  4ti. 


(27)  Since  the  metal  is  | inch  thick,  the  inner  diameter  is 
10  — 2X  -|  = 81  inches.  Applying  formula  O,  Art.  *711,  we 
have 


io^  + 8.rd 

Ig 


Ans. 


(28)  Applying  formula  1 5,  Art.  lOl , we  have  the  section 
modulus 


then,  by  the  definition,  Art.  99,  the  resisting  moment  is 
2-1x10,000  = 240,000  in.-lb.  Ans. 


(29)  A sketch  of  the  construction  is  shown  in  Fig.  4.  We 


Fig.  4. 


will  first  compute  the  weight  of  a .section  of  the  brick  arch 
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1 foot  long'.  The  area  of  the  section  of  the  arch  is  equal  to 
the  prochict  of  the  length  of  its  center  line  nuEtiplied  by 


the  thickness;  from  the  formula  I = 


4EU  -f-  4//"  — c 


(see 


Geometry  and  Mensuration)^  in  which  I = length  of  arc, 
e — length  of  chord,  and  h — rise,  by  assuming  the  length 
of  chord  to  be  the  distance  from  center  to  center  of  beams 
and  the  rise  of  the  center  line  of  the  arch  to  be  5 inches, 
the  given  rise  of  the  arch,  we  have  the  length  of  the  center 
line  of  the  arch 


/ = 


41/48“  4- 4X5^ -48 


= 49  inches,  nearly; 


49  X 4 

the  area  of  the  section  is,  therefore,  ■ ' = 1.3G  sq.  ft.,  and 

the  volume  of  brickwork  per  foot  of  length  of  the  beams  is 
l.IhlXl  = 1.3G  cu.  ft.  Since  the  weight  of  a cubic  foot  of 
brickwork  in  cement  is  130  pounds  per  cu.  ft.  (see  Table  1, 
Art.  40),  the  weight  of  brick  per  square  foot  of  floor  area  is 
1.3GX130 

j — - — - — 44.  2 pounds. 

*4 

An  approximation  to  the  volume  of  a section  of  the  con- 
crete 1 foot  long,  near  enough  for  the  present  purpose,  is 
the  following:  Draw  a straight  line  5/,  Fig.  4,  which  cuts 
the  upi)er  part  of  the  arch  in  such  a manner  that  the  area  of 
the  segment  of  the  arch  above  the  line  is,  approximately, 
ecpial  to  the  section  of  the  concrete  between  the  line  and  the 
top  of  the  arch.  The  ends  of  the  line  s t,  drawn  in  this  man- 
ner, are,  respectively,  11  inches  and  inches  below  the 
top  of  the  concrete  and  the  area  of  the  section  included 
between  this  line  and  the  top,  neglecting  the  area  of  the 


, . 11  + 51  ,,, 

beam,  is  4 — =-X  24 

/i 


198  square  inches;  the  area  of  the 


198x2 

whole  section  of  concrete  is,  therefore,  — ' = 2.75  sq.ft., 

1 4-4: 

giving  a volume  of  2.75X1  = 2.75  cu.  ft.  of  concrete  per 
foot  of  length  of  the  beams.  The  weight  of  concrete 
per  cubic  foot,  from  Table  1,  is  14U  pounds;  the  weight  per 
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2.75x140 


= 00.25 


square  foot  of  floor  area  is,  therefore, 
pounds. 

In  Table  2,  Art.  40,  the  weight  of  a square  foot  of  yellow 
pine  1 inch  thick  is  found  to  be  4 pounds. 

The  total  dead  load,  per  square  foot  of  floor  area,  is 
44. 2 + i)0. 25  -|-  4 = 144. 45  pounds,  and  the  total  dead  and  live 
load  to  be  carried  by  a single  beam  is  (144.45  -j-  200)  X 23  X 4 
= 31,(589.4  pounds. 

Applying  formula  1^5,  Art.  DT,  the  bending  moment  is 
found  to  be 


M = 


31,(589.4X23X12 

8 


1,093,284  in. -lb. 


Divu'ding  by  the  allowable  unit  stress,  the  section  modulus 
required  is  1 ,093,284 15,000  = 72.'.);  by  referring  to 
Table  11,  we  find  that  a 15-inch  5(5. 9-pound  beam  has  a 
section  modulus  of  74.77,  and  that  this  is  the  lightest  beam 
that  will  satisfy  the  required  conditions.  Ans. 


(30)  The  sum  of  the  moments  of  the  given  loads,  with 

respect  to  the  support  as  a center,  is  (50  X 15  -j-  80  X (5  1,380 

ft. -lb.  Since  the  lever  arm  of  the  required  load  is  15  feet,  the 
load  must  be  1,380^15  = 92  pounds.  Ans. 

(31)  (a)  See  Art.  90. 

((5')  See  Art.  89. 

(32)  40  pounds  per  square  foot  of  floor  area.  Sec 
Art.  4‘^. 


(33)  Taking  the  center  of  moments  over  the  right  reac- 
tion, the  moments  of  the  loads  are  as  follows: 

8,000X10  = 8 0,0  0 0 ft. -lb. 

10,000  X 18  = 1 8 0,0  0 0 ft. -lb. 

7,200X25  = 1 8 0,0  0 0 ft. -lb. 

1,000  X 20  X (35 -10)  = 5 0 0,0  0 0 ft. -lb. 

Total,  9 4 0,0  0 0 ft. -lb. 

The  reaction  Tv,  is  940, 000-;- 35  = 2G,857i  pounds;  and  the 
reaction  is  8,000  + 10,000 -j- 7,200 1,000  X 20  - 20, 857| 
= 18,342|-  pounds.  Ans. 


10  ARCHITECTURAL  ENGINEERING.  § 5 

(34)  Under  the  load  at  which  the  shear  changes  sign. 
See  Art.  IKi. 


(35)  See  Art.  72. 


(30)  The  total  load  on  the  beam  is  W = 8x500  = 4,000 
pounds;  by  applying  formula  11,  Art.  1)7,  the  maximum 
bending  moment  is  found  to  be 


M = 


4,000X8 

2 


10,000  ft. -lb. 


Ans. 


(37)  Assuming,  according  to  Table  4,  Art.  a load  of 
150  pounds  per  square  foot  of  floor  area,  the  entire  live  load 
will  be  00x200x150  = 2,010,000  lb.  Ans. 

(38)  Since  the  beam  is  uniformly  loaded,  each  reaction  is 
equal  to  45,000  lb.,  one-half  the  load;  according  to  Art.  8G, 
the  maximum  shear  is,  also,  45,000  lb.  Ans. 

(3D)  See  Arts.  84  and  85. 

(40)  See  Arts.  (>.‘5  and  04. 


(41)  The  inside  diameter  of  the  column  is  0 — 2x  | = 4^ 
inches;  applying  formula  1),  Art.  7^3,  the  square  of  the 
radius  of  gyration  of  the  section  is 


^ ^4^ 
1(1 


3.51G. 


From  Table  G,  Art.  <>1,  the  ultimate  compressive  strength 
of  cast  iron  is  81,000  pounds  per  square  inch;  the  length 
of  the  column  is  10x12  = 120  inches.  Substituting  these 
values  in  formula  4,  Art.  7^3,  the  ifltimate  unit  strength  of 
the  column  is 

N = = 37,895  lb.  per  sq.  in. 

1 H ^ 

^ 3,000X  3,51(1 

With  a factor  of  safety  of  G,  the  safe  stress  per  sq.  in. 
is  37,895-t-G  = G,31G  pounds.  The  area  of  the  section  is 
G"' X.  7854  — 4.5“  X.  7854  • 12. 37  square  inches;  multiplying 

by  the  safe  unit  stress,  the  safe  load  is  12.37X  G,31G  = 78,000 
lb.,  in  round  numbers.  Ans. 
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Applying  formula  1,  Art.  55,  the  unit  stress  is 


80,000 

5 


10,000  lb.  Ans. 


(i;3)  The  sectional  area  of  the  pier  is  3x4x144  = 1,728 
square  inches;  since  its  height  is  less  than  10  times  its 
thickness  (see  Art.  05),  the  value  for  the  compressive 
strength  of  brick  in  lime  mortar  given  in  Table  8 applies, 
and  the  pier  will  safely  support  a load  of  1,728x100 
= 172,800  lb.  Ans. 

(44)  (a)  Taking  the  center  of  moments  over  the  right 

support,  the  moments  of  the  loads  are  as  follows: 

1,000X12X  0 = 7 2,0  0 0 ft. -lb. 

2.000  X 8X  10  = 2 5 0,0  0 0 ft.-lb. 

1.000  X 4X22  = 8 8,0  0 0 ft.-lb. 

Total,  4 1 0,0  0 0 ft.-lb. 

The  left  reaction  is  410,000 24  = 17,333^  pounds;  begin- 
ning at  the  left  support  and  subtracting  the  successive 
loads,  we  find  that  the  first  uniformly  distributed  load  is  less 
than  the  left  reaction,  but  that  the  sum  of  the  first  two 
uniformly  distributed  loads  is  greater;  the  shear,  therefore, 
changes  sign  at  some  point  under  the  load  of  2,000  pounds 
per  foot.  To  find  this  point  we  have  17,333^—4x1,000 
= 13,333|,  and  13,333^^2,000  = (i|  feet,  the  distance  from 
the  beginning  of  the  second  uniformly  distributed  load  at 
which  the  shear  changes  sign.  (See  Art.  87.)  Since  the 
greatest  bending  moment  is  at  the  section  where  the  shear 
changes  sign  (see  Art.  90),  the  center  about  which  the  great- 
est bending  moment  is  to  be  calculated  is  at  a distance  of 
4-l-G|  = 10|  feet  from  the  left  support,  and  the  magnitude 
of  the  moment  is  17,333^  X lOf  — (4,000  X 8f  + 13,333^  X 3^) 
= 105,800  ft.-lb.,  in  round  numbers.  Ans. 


{d)  The  distance  of  the  section  where  the  shear  changes 
sign  from  the  right-hand  end  is  24  — 1 Of  = 13^  ft.  = 13  ft.  4 in. 

Ans. 


(45)  This  problem  must  be  solved  by  a scries  of  approx- 
imations; sue  last  paragraph  of  Art.  70.  By  substituting  a 
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thickness  of  metal  less  than  I inch  in  formula  1),  Art.  T3, 
and  applying  the  resultant  value  of  /v'^  to  formula  4,  it  is 
found  that  the  unit  stress  in  the  column  is  greater  than  that 
allowed  by  the  prescribed  factor  of  safety;  on  the  other 
hand,  if  a thickness  greater  than  1 inch  is  used,  the  unit 
stress  is  less  than  the  allowable  stress  and  more  metal  is 
used  than  is  required.  Using  a thickness  of  1 inch,  the 
inner  diameter  is  IG  — 2 = 14  inches,  and  by  formula  9,  the 
square  of  the  radius  of  gyration  is 


1(E+  14'^ 

Tg  ■ 


28.25. 


The  length  of  the  eolumn  is  24  X 12  = 288  inches,  and  from 
Table  G,  Art.  <>1,  the  ultimate  compressive  strength  of  cast 
iron  is  81,000  pounds  per  square  inch;  substituting  in 
formula  4,  Art.  the  ultimate  strength  of  the  column  is 

A = ^ — ■14, GOO  lb.  per  sq.  in., 



^ 3,  GOO  X 28. 25 

and  the  allowable  unit  stress,  44, GOO -i- 5 = 8,920  lb.  per 
sq.  in.  The  area  of  the  section  is  Ub  X .1854  — X .7854 
= 47.12  sq.  in.;  the  column  will,  therefore,  safely  carry 
47.12x8,920  =:  420,310  lb.,  which  is  practically  the  amount 
required,  and  a thickness  of  metal  of  1 inch  is  siifficient.  Ans. 

(4G)  In  Table  8,  Art.  <>5,  the  safe  bearing  value  of  stiff 
clay  is  found  to  be  2.5  tons  — 5,000  lb.  per  sq.  ft.;  there- 
fore, the  footing  will  safely  carry  a load  of  5,000X25 
= 125,000  lb.  Ans. 

(47)  At  the  section  midway  between  the  ends.  See 

Art.  9(>. 

(48)  The  general  method  of  drawing  this  diagram  is  very 
similar  to  that  described  in  Art.  IJil,  and  the  student 
should  experience  no  difficulty  in  imderstanding  the  con- 
struction shown  in  Figs.  5 and  G.  Since  the  truss  and  its 
loading  are  symmetrical,  the  stresses  in  the  corresponding 
members  of  the  two  halves  are  equal,  and  the  diagram  for 
but  one-half  need  be  drawn. 


22400  lb,\2S00  Ih.  ■>>3 
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Fig.  C. 

The  stresses  in  the  several  members  of  the  left-hand  half 
as  determined  by  the  diagram,  are  as  follows: 


Member.  Stress.  Lb.  Kind  of  Stress. 

B K 55,800  Compressive. 

CL 55,800  Compressive. 
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Member.  Stress.  Lb.  Kind  of  Stress. 

VN 48,000  Compressive. 

A 40,000  Compressive. 

K L 5,(!00  Compressive. 

LM 9,300  Tensile. 

MN. 8,400  Compre.ssive. 

NO 11,200  Tensile. 

OP 11,200  Compressive. 

PQ 13,200  Tensile. 

K Z 52,300  Tensile. 

MZ 45,000  Tensile. 

OZ 37,300  Tensile. 

QZ.. 30,000  Tensile. 


(49)  The  total  uniformly  distributed  load  is  2,000x30 
= 00,000  pound.s,  and  the  length  of  the  beam  is  30X12 
300  inches;  substititting  in  formula  1 o,  Art.  DT,  the 
greatest  bending  moment  is 


M = 


00,000  X 300 
8 


2,700,000  in. -lb.  Ans. 


(50) 
ulus  is 


Applying  formula  15,  Art.  101,  the  section  mod- 


K = 


12X10“ 

0 


512. 


The  modulus  of  rupture  of  yellow  pine,  from  Table  0,  Art. 
(»l,is  7,300  pounds  per  square  inch;  the  working  stress 
is,  therefore,  7,300-^4  = 1,825  lb.  per  sq.  in.  Applying 
formula  10,  Art.  102,  and  letting  N represent  the  unit 
working  stress,  the  safe  load  is 


pi2xl,825\^ 

— = 20,800  lb.  in  round  numbers.  Ans. 

30 

(51)  Referring  to  Table  2,  Art.  40,  the  weight  of  the 
slate  roof  is 

Y\-inch  slate Of  lb.  per  sq.  ft. 

1-inch  hemlock 2^  lb.  per  sq.  ft. 

2 layers  roofing  felt ^ lb.  per  sq.  ft. 

Total 9|  lb.  per  sq.  ft. 
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The  vveis^'lit  of  the  slag  roof  is 

•1-ply  slag 4 lb.  per  sq.  ft. 

2-inch  spruce  sheathing. . . 4 lb.  per  sq.  ft. 
Total 8 lb.  per  sq.  ft. 


Tlie  difference  in  favor  of  the  slag  roof  is  9|— -8  = 1|  lb. 
per  sq.  ft.  Ans. 

(52)  In  Table  8,  Art.  <>5,  it  is  stated  that  the  safe  bear- 
ing value  of  brickwork  in  Rosendale  cement  mortar  is  150 
pounds  per  square  inch;  the  capstone  must,  therefore,  have 
an  area  of  1,000, 000 150  = 0,G07  sq.  in.  The  length  of  the 
side  of  a square  whose  area  is  0,007  sq.  in.  is  V 0,007  ==  82 in., 
nearly  = 0 ft.  10  in.  Ans. 

(53)  The  connection,  which  is  shown  in  Fig.  7,  is  designed 
aceording  to  the  standard  given  in  Art.  1 


(54)  Applying  formida  17,  Art.  105,  the  section  modu- 


lus is  Kf  ~ 


14X12 

3.2 


52. 5.  Ans. 


(55)  Using  the  value  for  the  ultimate  com])ressive  strength 
of  spruce  given  in  Table  0,  Art.  01,  and  applying  formula  15, 

8-9 
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Art.  TO,  the  ultimate  compressive  strength  of  the  column  is 

o . 3,000X120  , . , 

.S  = 3,000  — —- ; — ■ = 2,100  lb.  per  sq.  in. 

With  a factor  of  safety  of  4,  the  safe  unit  stress  is  2, 100 4 

525  lb.  per  sq.  in.,  and  the  allowable  load  is  525X4X  12 
=:  25,200  lb.  Ans. 

(5G)  Since  the  rise  is  G inches  per  foot  of  span,  the  total 
rise  is  50  X - - 25  feet ; the  length  of  each  rafter  is  |/5(h  -j-  25 
— 55.9  ft.,  and  the  panel  length  is  55.9-4-4  = 13.975  ft. 
The  area  of  each  panel  is  13.975x20  = 279.5  sq.  ft. ; from 
Table  5,  Art.  44,  the  wind  pressure  normal  to  the  slope, 
for  a rise  of  G inches  per  foot,  is  23. 7 pounds ; the  panel  wind 
load  is,  therefore,  279.5X23.7  ==  G,G24  lb.  Ans. 

(57)  In  accordance  with  Table  8,  Art.  (>5,  the  safe  bear- 
ing value  of  the  soil  under  the  pier  is  2.5  tons  = 2.5x2,000 
r=  5,000  lb.  per  sq.  ft. ; the  concrete  base  must,  therefore, 
cover  an  area  of  200,000-4-5,000  = 40  sq.  ft.  ; this  area  will 
be  pi'ovided  by  a base  G ft.  4 in.  square. 

In  Table  8 the  bearing  value  of  rubble  masonry  in  Port- 
land cement  mortar  is  stated  to  be  150  pounds  per  square 
inch;  this  demands  a capstone  with  an  area  of  200,000-4-  150 
= 1,333-g  square  inches,  which  will  be  provided  by  the  use  of 
a stone  3 ft.  1 in.  square.  Since  the  bearing  values  of  the 
concrete  and  the  masonry  resting  on  it  are  each  150  pounds 
per  square  inch,  sufficient  bearing  strength  would  be  pro- 
vided if  the  base  of  the  masonry  were  3 ft.  1 in.  square,  but, 
according  to  Art.  (>(>,  the  concrete  offset  should  not  be  more 
than  8 inches,  which  requires  that  the  base  of  the  masonry 
be  G ft.  4 in.  —2x8  in.  = 5 ft.  0 in.  square. 

From  the  ealculated  dimensions  and  the  general  instruc- 
tions given  in  Art.s.  G(>  and  (>T,  a drawing  of  the  pier  similar 
to  Fig.  38,  Art.  (>7,  can  now  be  made. 

(58)  Applying  formula  “Z,  Art.  57,  the  unit  strain  is 

JL 

s = — ^ - = .00104  in.  Ans. 

15  X 12 
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(50)  Applying-  formula  1 2,  Art.  DT,  the  bending  mo- 
ment due  to  the  concentrated  load  is 


M = 


4,000  X 300 
4 


300,000  in. -lb. ; 


and,  by  formula  1 the  bending  moment  due  to  the  uni- 
formly distributed  load  is 


M = 


500  X 25  X 300 
8 


408,750  in.  -lb. ; 


the  total  bending  moment  is,  therefore,  300,000-1-408,750 
= 708,750  in. -lb.  The  section  modulus  of  the  beam  must 
be  708,750  ^ 15,000  = 51.25  (see  Art.  104);  by  referring 
to  Table  11,  it  is  seen  that  the  lightest  beam  that  will  fill  the 
conditions  is  a 15-inch  41.2-pound  beam.  Ans. 


(00)  Assimiing  a bar  with  a sectional  area  of  1 square 
inch,  the  weight  per  foot  of  length  is  12  X. 283  = 3.300 
poimds  (see  Table  1,  Art.  40);  the  length  required  is, 
therefore,  00,000 -f- 3.300  17,008  ft.  Ans. 


(01)  {d)  See  Art.  55, 

(/;)  vSee  Art.  57. 

(02)  vSeeArt.il. 

(03)  {(z)  Applying  formula  8,  Art.  the  square  of  the 
radius  of  gyration  of  the  section  is 


by  formula  4,  Art.  7.4,  the  xdtimate  strength  per  square 
inch  of  the  column  is 


A = 


1 


81,000 

24(? 

3,000X13.07 


= 37,320  lb.,  nearly. 


AVith  a factor  of  safety  of  5,  the  safe  unit  stress  is  37, 320 -f- 5 
= 7,404  pounds;  the  area  of  the  section  is  10^  — 8'^  = 30 
square  inches,  which  makes  the  load  the  column  will  safely 
carry  7,404x30  = 208,700  lb.  in  round  numbers.  Ans. 
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{/?)  The  footing-  must  have  an  area  of  2fiS,7hO-=- 5,0()0 
= 53.74  sq.  ft.  ; a footing  7 ft.  4 in.  square  will  furnish 
the  required  area. 

The  bearing  value  of  the  brick  is  200  pounds  per  sqiiare 
inch.  (See  Table  8,  Art.  (>5.)  The  capstone  must,  there- 
fore, have  an  area  of  2(58,700-^-200  1,344  square  inches; 

a stone  55  ft.  1 in.  square  has  an  area  of  1,309  square  inches, 
and  this  size  will  be  used.  The  bearing  value  of  the  con- 
crete is  150  pounds  per  square  inch  (see  Table  8);  therefore, 
in  order  to  safely  carry  the  load,  the  base  of  the  brickwork 
must  have  an  area  of  208,700-^  150  = 1,791  square  inches; 
this  corresponds  to  a square  whose  side  is  a little  mere  than 
3 ft.  0 in.,  which  would  make  the  offset  of  the  concrete 
(7  ft.  4 in.  — 3 ft.  0 in.)  ^2  = 1 ft.  1 1 in.,  a value  greater 
than  is  permissilde.  Allowing  the  maximum  offset,  the  base 
of  the  masonry  becomes  7 ft.  4 in.  —2x8  in.  0 ft.  square. 

The  safe  l)caring  value  of  the  limestone  cap  is  500  pounds  per 
square  inch  (see  Table  8),  which  makes  the  area  required  for  the 
base  of  the  column  208,700-^500  = 538  square  inches,  corre- 
sponding to  a square  each  of  whose  sides  is  23. 19,  say  24  inches. 

Making  the  thickness  of  the  capstone  18  inches,  practically 


1 


one-half  of  the  length 
of  a side,  the  permis- 
sible offset  for  the 
base  is  1 8 -^-  2 = 9 
inches;  a 2 4 - i n c h 
base  on  the  3'  1"  .stone 
gives  an  offset  of 
(37-24)^2  = O.t  in., 


which  is  well  within 
the  prescribed  limits. 


The  general  features 
of  the  pier,  de.signcd  in 
accordance  with  the 


above  calculations  and 
‘ ' the  principles  laid 


Fig.  8. 

and  (>7,  are  shown  in  Fig.  8. 


down  in  Arts.  (>6 
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Fig.  10. 
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(G4)  Fi^f.  9 is  the  frame  diagram  and  Fig.  10  the  .stress 
diagram  for  the  dead  load,  and  Figs.  11  and  12  are  the 


corresponding  diagrams  for  the  wind  load  ; the  construction  in 
each  case  is  exactly  like  that  explained  in  Art.  and  no 


ARCHITECTURAL  ENGINEERING. 


21 


§ 5 

further  explanation  is  necessary.  The  stresses,  as  determined 
by  the  diag-rams,  Figs.  10  and  12,  are  as  follows: 


Dead-Load 

Wind-Load 

Kind  of 
Stress. 

Member. 

Stress. 

Lb. 

Stress. 

Lb. 

A A' 

1G,100 

0,300 

Compressive. 

CL 

13,800 

7,800 

Com  pressive. 

DN  .... 

11,500 

G,200 

Compressive. 

E P 

0,200 

4,600 

Compressive. 

KL  .... 

2,300 

2,500 

Compressive. 

^rN .... 

2,000 

3,200 

Compressive. 

OP 

3, GOO 

4, 000 

Compressive. 

LM  .... 

1,000 

1,100 

Tensile. 

NO  .... 

2,000 

2,200 

Tensile. 

PQ  .... 

G,00(J 

3,300 

Tensile. 

KZ  .... 

14,500 

10,400 

Tensile. 

MZ .... 

12,400 

8,100 

Tensile. 

oz  .... 

10,400 

5,800 

Tensile. 

FQ 

0,200 

5,100 

Compressive. 

(Go)  Since  the  moment  is  the  product  of  the  magnitude 
of  the  force  into  its  lever  arm,  the  length  of  the  lever 
arm  is  found  by  dividing  the  moment  by  the  magnitude  of 
the  force;  in  the  present  ease,  lever  arm  = 275  -r-25  = 11  ft. 

Ans. 

(GG)  See  Arts.  94  to  96. 

(G7)  The  deflection  should  not  exceed  of  an  inch  for 
each  foot  of  space.  (See  Art.  118.) 

(G8)  (^^)  and  [d]  3 to  4.  (See  Table  7,  Art.  64.) 

(G9)  The  area  of  the  section  is  2 X ^ = -r  sq.  in. ; the 
ultimate  tensile  strength  is  G0,()0()X^  = 30,0UU  lb.  Ans. 

(70)  From  the  frame  diagram,  Fig.  13,  construct  the 
stress  diagram.  Fig.  14.  The  truss  and  its  loads  are  each 
symmetrical,  making  it  unnecessary  to  draw  more  than  the 
upper  half  of  the  stress  diagram ; the  construction  is  so  similar 
to  that  described  in  Arts.  131  and  13‘^  that  no  explanation 
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is  needed.  The  student  should  note,  however,  that  the 
distance  e f on  the  load  line  represents  a load  of  3,800  + 2,000 


Sii 


Fig.  13. 


= 5,800  pounds,  being"  correspondingly  longer  than  the  dis- 
tances I’c,  ctf,  d L\  f g,  etc.,  which  represent  loads  of  but 
3,8O0  pounds. 

The  stresses  in  the  several  members,  as  determined  by  the 
stress  diagram.  Fig.  14,  are  as  follows: 


Member. 

Stress. 

Lb. 

Kind  of  Stress. 

BK. 

32,000 

Compression. 

CL 

27,800 

Compression. 

DN 

23,500 

Compression. 

EP 

19,300 

Compression. 

KL 

4,200 

Compression. 

MN 

5,400 

Compression. 

OP 

(),800 

Compression. 

LM 

1,900 

Tension. 

NO 

3,800 

Tension. 

PQ 

11,400 

Tension. 

KZ. 

Tension. 
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Member. 

Stress. 

Lb. 

Kind  of  Stress. 

MZ. 

24,900 

Tension. 

OZ 

21,000 

Tension. 

QF 

19,300 

Compression. 

Considering’  first  the  size  of  timber  required  for  the  rafter 
member,  we  find  that  it  must  be  proportioned  to  withstand 
a compressive  stress  of  32,000  pounds,  the  stress  in  the  mem- 
ber B K.  The  unsupported  leng-th  of  the  member  is  8 ft.  4|-  in. 

100|^  in.,  and  the  ultimate  compressive  strength  of  yellow 
pine,  from  Table  6,  Art.  (51,  is  4,400  pounds  per  square 
inch;  assuming  a timber  whose  least  dimension  is  6 inches 
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and  substituting-  in  formula  Art.  70,  the  ultimate  com- 
pressive strength  of  the  rafter  is 


5 = 


4,4U0 


4,400  XI 00. V 
100X0 


3,003  lb.  per  sq.  in.; 


with  a factor  of  safety  of  5,  the  tmit  stress  is  3, 0(!3  -t-  5 
= 733  lb.  per  sq.  in.,  nearly,  and  the  area  of  the  .section 
required  is  32,000-1-733  = 44  sq.  in.,  nearly.  A G"xH" 
timber  is  the  smallest  even  size  that  will  provide  the  area 
demanded  by  the  conditions. 

The  compression  member  OP,  as  determined  by  scaling 
from  the  frame  diagram,  is  about  13  ft.  0 in.  long,  and  the 
stress  in  it  is  0,800  pounds;  a 4"  X 0"  timber  is  amply  strong 
for  this  member,  and,  by  placing  the  rafter  with  its  long  side 
vertical,  will  present  a surface  flush  with  that  of  the  rafter. 
The  compression  members  Jll N and  KL  will  not  be 
designed  for  strength,  as  that  would  prescribe  a size  too 
small  to  be  practicable,  but  will  be  made  of  either  3"  X 0"  or 
4"  X 0"  timber,  so  as  to  bring  their  surfaces  flush  with  that  of 
the  rafter  and  provide  a practical  construction. 

The  greatest  stress  in  the  wooden  tie-beam  is  that  in  K Z, 
28,000  pounds;  from  Table  0,  Art.  (>1,  the  ultimate  tensile 
strength  of  yellow  pine  is  8,000  potmds  per  square  inch, 
which,  with  a factor  of  .safety  of  5,  fvmnishes  an  allowable 
unit  stress  of  8,000-4-5  ==  1,000  lb.  per  sq.  in.  The  net  sec- 
tional area  must,  then,  be  28,000  -4-  1,000  = 18  sq.  in.,  nearly; 
if  we  assume  that  the  net  area  is  two-thirds  of  total  area,  the 
timber  must  have  a total  sectional  area  of  18x|  = 27  sq.in.  ; 
the  nearest  even  size  that  will  fill  the  conditions  is  a 0"X0" 
timber. 

The  stress  in  the  tie-rod  PQi'^  11,400  pounds;  using  the 
value  for  wrought  iron  given  in  Table  0,  the  allowable  tensile 
strength  of  the  rod  is  50,000-4-5  = 10,000  lb.  per  sq.in., 
and  its  net  area  must  be  11,400-4-  10,000  = 1.14  sq.  in.  ; the 
area  at  the  root  of  the  thread  of  a 1 |-inch  bolt  is  1.28  sq.  in., 
and  this  is  the  smallest  size  that  will  provide  the  area 
demanded. 

For  the  rod  N O a.  net  area  of  3,800-4- 10,000  = .38  sq.  in. 
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is  demanded,  which  will  require  a diameter  of  } in,  The  net 
area  of  ML  is  to  be  not  less  than  1,900  10,000  ^ .19  sq.  in., 

and  since  area  at  the  root  of  the  thread  of  a |-inch  bolt  is 
.I'.M)  sq.  in.,  this  size  may,  therefore,  be  used  with  safety. 

In  order  to  provide  sufficient  strength  at  the  foot  of  the 
rafter  to  prevent  shearing  the  end  of  the  tie,  it  will  be 
necessary  to  use  some  device  similar  to  the  wrought-iron 
strap  shown  in  Fig.  99,  Art.  1 3.‘5,  as  will  be  readily  seen 
from  the  following:  Assuming  that  the  tie  projects  24  inches 
beyond  the  end  of  the  rafter,  the  area  of  wood  which,  by  its 
shearing  strength,  acts  to  resist  the  pull  of  the  tie,  is  G X 24 
= 144  sq.  in.;  from  Table  G,  the  ultimate  shearing  strength 
of  yellow  pine  parallel  to  the  grain  is  400  pounds  per  square 
inch;  with  a factor  of  safety  of  5,  this  provides  an  allowable 
stress  of  400 -f- 5 = 80  lb.  per  sq.  in.,  making  the  total  allow- 
able stress  on  the  section  144x  80  = 11,520  pounds,  which 
leaves  28,  GOO  — 11,520  = 17,080  pounds  to  be  provided  for 
by  the  use  of  some  extra  fastening. 

The  details  of  the  truss  may  be  similar  to  tho.se  presented 
in  Fig.  99,  and,  by  referring  to  Art.  the  student  should 

have  no  difficulty  in  making  a drawing  with  all  needed 
details  for  the  truss  under  consideration. 

(71)  See  Arts.  44  to  4(>. 

(72)  Since  the  truss  is  symmetrical  and  symmetrically 
loaded,  but  one-half  of  the  stress  diagram  is  required.  Fig. 
15  is  the  frame  diagram,  and  Fig.  IG  the  stress  diagram. 


Fig.  15. 
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The  construction  of  the  latter  should  be  perfectly  obvious 
from  the  principles  and  examples  presented  in  Arts.  119 

to  13*4, 


The  stresses  in  the  several  numbers  composing'  the  left- 
hand  half  of  the  truss  are  as  follows: 


Members. 

Stress. 

Lb. 

Kind  of  Stress. 

A / 

Compression. 

cj 

25,000 

Compression. 

DL 

40,000 

Compression. 

I J 

12,000 

Tension. 

JK. 

19,200 

Compression. 

KL 

4,000 

Tension. 

LM 

0,400 

Compression. 

IZ 

25,000 

Tension. 

KZ 

40,000 

Tension. 

MZ 

45,000 

Tension. 

Architectural  Engineering. 

(QUESTIONS  1-50.  SEC.  6.) 


(1)  {a)  From  the  table  “Elements  of  Usual  Sections,” 

the  formula  for  the  moment  of  inertia  of  a solid  circle  with 


respect  to  an  axis  throug’h  its  center  is  / — 


A D\ 
IG  ’ 


the  area 


of  a 4-inch  circle  is  = 12.5GG  sq.  in.  Substitu- 

ting, in  the  formula,  we  have 


/ rz 


12.5GGX4’ 

IG 


12.500.  Ans. 


{b)  Substituting,  in  formula  1,  Art.  7,  we  have, 
r = I-\-aA  = 12.500 -E  12.500X8*  = 810.70.  Ans. 


(2)  E?)  From  the  table  “Elements  of  Usual  Sections,” 

the  formula  for  the  moment  of  inertia  of  a solid  rectangle  is 
b Ib 

I ■=  — — ; the  moment  of  inertia  of  the  web-plate  with 

1 

respect  to  the  axis  a b,  is,  therefore. 


r = I 


^X12* 

12  “ 


From  the  table  “Properties  of  Angles,  Unequal  Legs,” 
the  area  of  a 0"x3U'X|"  angle  is  3.42  sq.  in.  ; the  distance 
of  its  center  of  gravity  from  the  back  of  the  longer  flange  is 
.79  inch,  and  its  moment  of  inertia,  with  respect  to  an  axis 
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throug'h  the  center  of  gravity  parallel  to  the  longer  flange, 
is  0.34.  From  the  dimensions  of  the  section,  the  distance  of 
the  center  of  gravity  of  the  angle  from  the  axis  a b 
Gin. —.711  in.  = 5.21  in.  Substituting  now  in  formula  1, 
Art.  7,  the  moment  of  inertia  of  one  of  the  angles  with 
respect  to  the  axis  a b 

r - 3.34  + 3.42X5.2U  90.1728. 

According  to  formula  ti,  Art.  7,  the  moment  of  inertia  of 
the  whole  section  with  respect  to  the  axis  a b is 

'Ll'  = 72  + 4X9G.1728  450. 0912.  Ans. 

(/;)  Applying  the  formula  for  the  moment  of  inertia  of  a 
solid  rectangle  with  respect  to  an  axis  through  its  center  of 
gravity,  the  moment  of  inertia  of  the  web-plate  with  respect 
to  the  axis  c d is 

r ^ I = = •■'•^5. 

From  the  table  “Properties  of  Angles,  Unequal  Legs,” 
the  distance  of  the  center  of  gravity  of  a 0"x3,}"x  angle 
from  the  back  of  the  shorter  flange  is  2.04  indies,  and  the 
moment  of  inertia  of  the  angle,  with  respect  to  an  axis 
through  the  center  of  gravity  parallel  to  the  shorter  flange, 
is  12.80.  The  distance  of  the  center  of  gravity  of  the  angle 
from  the  axis  c d,  as  shown  by  the  section,  is  2. 04  + -25 
rr  2.29  in.  ; the  moment  of  inertia  of  the  angle  with  respect 
to  c d is,  therefore, 

r 12.80  + 3.42X2.29^  = 30.7948. 

The  moment  of  inertia  of  the  whole  section  with  respect 
to  the  axis  c d is 

I^=  'Ll'  = .125  + 4x30.7948  = 123.3042.  Ans. 

(r)  The  total  area  of  the  section  is  A iX  12 + 4x3.42 
= 19.08  sq.  in.,  and  its  least  moment  of  inertia  is  123.3042; 
substituting  these  values  in  formula  0,  Art.  11,  the  square 
of  the  least  radius  of  gyration  is 
123.3042 
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(.3)  Applying  formula  7,  Art,  1 .‘5,  the  ultimate  compress- 
ive strength  of  a struetural-stcel  column  18  feet  long,  the 
square  of  whose  least  radius  of  gyration  is  0.2(1,  is  in  round 
numbers, 

52  000 

N — — = 30,775  lb.  per  sq.  in.; 

1 d ^ 

‘ 18,0(j()  X 0.20 

with  a factor  of  safety  of  5,  the  allowable  unit  stress  is 
30,775  5 7,355  lb.  per  sq,  in.  ; and,  since  the  area  of  the 

section  is  10.08  sq.  in.,  the  column  will  safely  support  a 
load  of  19.08  x 7,355  = 143,740  lb.,  or  in  round  numbers, 
144,800  lb.  Ans. 


(4)  The  total  uniformly  distributed  load  is  1,500x24 
=:  30,000  lb.,  and  the  length  of  the  beam  is  24X12  = 288 

W L 

inches;  substituting  these  values  in  the  formula  M — ——7 

O 


(.see  Table  10,  Architectural  Eiigi)iccring,  § 5,  Art.  1)7),  the 
maximum  bending  moment  on  the  beam  is  found  to  be 


M = 


30,000x288 

8 


1,290,000  in. -lb. 


In  the  table  “Properties  of  I Beams,”  the  moment  of 
inertia  of  a 15-inch  00-pound  beam  is  found  to  be  037.7;  the 
distance  of  its  neutral  axis  from  the  most  distant  fiber  is 
7-1-  inches.  Substituting  the  known  vah:es  in  formula  4, 

Art.  1(),  we  have  1,290,000  = N from  which 

< .0 


1,290,000X7  5 
03777 


= 15,240  lb.  per  sep  in.  Ans, 


(5)  {a)  See  Art.  1 8. 

{b)  The  cost  of  labor  and  the  difficulty  in  making  connec- 
tions to  the  column  with  the  best  theoretical  section  ma}’ 
more  than  compensate  for  any  saving  in  material  by  its  use. 
See  Art.  18. 


(0)  The  total  load  on  the  girder  is  24  X 18  X 400  = 172,800 
lb. ; since  the  load  is  uniformly  distrilmted,  the  reaction  at 
each  support  is  one-half  of  this,  or  80, 400  pounds,  which  is 
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the  load  that  must  be  supported  by  the  rivets.  From  the 
table  “Values  of  Rivets,”  the  allowable  stress  on  a |-inch 
rivet  in  ordinary  bearing-  in  a y^-inch  plate  is  3,()5(J  pounds; 
the  number  of  rivets  required  is,  therefore,  8(),  400 3,050 
= 24,  nearly.  Ans. 


(7)  (a)  0 inches.  See  Art.  20. 

(/;)  In  the  table  “Values  of  Rivets,”  the  minimum 
distance  of  the  center  of  a j|-inch  rivet  from  the  edge  of  a 
/ly-inch  plate  is  given  as  ly\  inches;  or,  by  applying  the  rule 
for  distance  of  center  of  riv^et  from  end  of  plate,  as  given  in 
the  table,  we  have,  end  distance  = tV  + iNf  + i — 

Ans. 

(8)  (a)  and  See  Art.  (>(>. 


(9)  In  accordance  with  the  definition  of  the  modulus  of 
elasticity  (sec  Art.  <>0),  the  modulus  is  the  quotient  obtained 
by  dividing  the  unit  stress  by  the  itnit  strain.  The  sec- 
tional area  of  a J -inch  bar  is  .7854x(-|)'*  — .19035  sq.  in. ; 


the  unit  stress  is,  therefore. 


7,000 

.19035 


lb.  per  sq.  in. 


Since  a 


bar  7y  inches  long  was  elongated  .009  inch,  the  unit  strain 

was  inch.  Dividing  the  unit  .stress  by  the  unit  strain, 

the  modulus  of  elasticity  is,  in  round  numbers, 

7,'000  .009 


.1!)C)35 


29,709,000  lb.  per  sq.  in.  Ans. 


(10)  (a)  To  find  the  center  of  gravity  of  the  figure  we 

will  apply  the  principle  of  moments,  Art.  3.  Taking  the 
upper  edge  as  the  axis  of  moments,  the  moments  of  the 


areas  of  the  two  rectangles  are  as  follows; 

Area.  Lever  Arm.  JMoment. 

Upper  rectangle.  8xly  = 12  li-t-2  = f 9 

Lower  rectangle . 8|-X2  =17  8^-4-2  + L^-  = 5f  9 7.7  5 
Totals,  2 9 1 0 G.7  5 


The  distance  -of  the  center  of  gravity  from  the  upper 
edge;  that  is,  the  lever  arm  of  the  area  of  the  whole  figure 
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with  respect  to  the  upper  edge  as  an  axis,  is  10G.7o-^29 
= 3.081  in.,  nearly. 

The  moment  of  inertia  of  the  upper  rectangle  with 
respect  to  an  axis  through  its  center  of  gravity  and  parallel 
to  its  upper  edge  is 

^ ^ _ 8x(ijr  _ . 0. 

12  12 

(see  table  “Elements  of  Usual  Sections”);  the  distance  of 
the  center  of  gravity  of  the  upper  rectangle  from  the  axis 
through  the  center  of  gravity  of  the  whole  figure  is 
3.081  — .75  “ 2.931  in.,  and  the  area  of  the  rectangle,  as 
determined  above,  is  12  sq.  in. ; therefore,  its  moment  of  iner- 
tia, with  respect  to  the  required  axis,  is 

r = = 2.25  + 12x2. 93U  = 105.342. 


See  formula  1,  Art.  7. 

The  moment  of  inertia  of  the  lower  rectangle,  with  respect 
to  an  axis  through  its  center  of  gravity  and  parallel  to  the 
required  axis,  is 


/ = 


2X(81)= 

12 


102.354; 


the  distance  of  its  center  of  gravity  from  the  required  axis 
is  5.75  — 3.081  = 2.009  in.,  and  its  area  is  17  sq.  in.  There- 
fore, the  moment  of  inertia,  with  respect  to  the  required 
axis,  is 

/'  : 102.354  + 17x2.009“  = 175.127. 

By  applying  formula  li,  Art.  7,  the  moment  of  inertia  of 
the  whole  figure,  with  respect  to  the  required  axis,  is 

4 = 2A  = 105.342  + 175.127  = 280.409.  Ans. 

{b)  In  order  to  calculate  the  least  radius  of  gyration  we 
must  know  the  least  moment  of  inertia.  The  moment  of 
inertia  of  the  figure  with  respect  to  the  axis  through  its  cen- 
ter of  gravity  and  parallel  to  the  upper  flange  being  known,  we 
will  now  calculate  it  for  the  axis  perpendicular  to  this  flange. 
The  moment  of  inertia  of  the  upper  rectangle,  with  respect 
to  this  axis,  is 


8-10 
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and  the  moment  of  inertia  of  the  lower  rectangle,  with  respect 
to  the  same  axis,  is 


8d  X 2^ 


0.GG7; 


the  moment  of  inertia  of  the  whole  sectiem  is,  therefore. 


— "L  I = G-4-|-5.  GG7  = GU.GG7. 

Since  this  is  less  than  the  value  found  for  the  moment, 
with  respect  to  tlie  axis  parallel  to  the  upper  edge,  it  is  the 
value  to  be  used  in  calculating  the  least  radius  of  gyration; 
applying  formula  5,  Art.  11,  we  have 

7.  iP  ./G!i.GG7  , „ , 

K = y —r  = y — — — 1.00.  Ans. 

P /Iv 


(11)  ((?)  and  {/>)  vSee  Art. 


(12)  {a),  (/;),  and  (r)  See  Art.  o5. 


(13)  The  amount  to  be  deducted  from  the  width  of  the 
plate  for  each  rivet  hole  is  | -f  | in.  ; the  net  width  is, 
therefore,  30  — 1)X|-  — 22  in.,  nearly;  applying  formula  12, 
Art.  38,  the  required  thickness  of  the  plate  is 


T = 


8G,400 
22  X 12,000 


.321 


in. 


The  next  regular  thickness  above  this  is  | inch,  which  is  the 
thickness  that  should  be  used.  Ans. 


(14)  From  the  table  “Areas  of  Angles,”  the  area  of  a 
G"  X 4"  X angle  is  found  to  be  4. 75  square  inches ; in  accord- 
ance with  the  statement  of  the  problem,  the  section  to  be 
deducted  from  this  is  2x|Xj  = | = .875  sq.  in.,  leaving 
a net  area  of  4. 75  — .875  ==  3.875  sq.  in.  for  each  angle. 
The  area  of  one  flange  plate  is  8 X | = 3 in. , and  the  section 
to  be  deducted,  2x|x|  — .G5G  sq.  in.,  leaving  a net  area 
of  3 — .G56  = 2.344  scy  in.  The  total  net  area  is; 

2 angles,  each  3.875  sq.  in.  7. 7 5 0 sq.  in. 

4 cover- plates,  each  2.344  sep  in.  9.3  7 6 sq.  in. 

Total,  1 7.1  2 G sq.  in. 
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Applying- formula  1 5,  Art.  44,  for  tlie  outer  plate,  we  have 

/•)  iiJ- 

= 27.75  ft.  = 27  ft.  9 in.  Ans. 

For  the  second  plate  the  area  of  the  plates  to  and  inclu- 
ding- the  plate  in  question  is  2X2.344  = 4.988,  and  the 
required  length  is 

/ rz  75  j/ = 39.24  ft.  = 39  ft.  3 in.  Ans. 

^ X I . X /vO 

For  the  third  plate  the  area  a is  3x2.344  = 7.032  sq.  in., 
and  the  length 

I =z  75.^ ■ = 48.00  ft.,  say  48  ft.  1 in.  Ans. 

For  the  fourth  plate  we  have  a = 4x2.344  = 9.370 
sq.  in.,  and 

I - 754/  = 55.49  ft.  = 55  ft.  0 in.  Ans. 

r 1<.12() 

(15)  (a)  See  Art.  59. 

(/;)  vSee  Art.  57. 

(c)  See  Art.  .58. 


(10)  The  total  load  on  the  beam  is  2 X 14  X 150  4,2001b., 

and  its  length  is  14x12  =:  108  in.  From  the  table 
“ Properties  of  I Beams,”  the  moment  of  inertia  of  a 10-inch 
25-pound  beam  is  122.5,  and  from  the  table  “ Modulus  of 
Elasticity  of  Metals,”  the  modulus  of  structural  steel  is  found 
to  be  29,000,000.  Substituting  the  given  values  in  the  formula 
for  the  deflection  of  beam  with  both  ends  supported  and  a 
uniformly  distributed  load,  the  deflection  is 
5X4,200X108" 


d = 


384X29,000,000X122.5 


= .073  in.  Ans. 


(17)  The  total  length  of  the  rafter  being  52  feet,  the 
length  of  one  panel  is  52 -f- 4 = 13  ft.;  the  total  uniformly 
distributed  load  on  a panel  is  13x000  ==  7,800  lb.;  the 
bending  moment  is,  therefore, 


M = 


7,800x156 


152,100  in. -lb. 


8 
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In  Table  0,  Art.  (>1,  Architectural  Engineering,  § 5,  the 
modulus  of  rupture  of  yellow  pine  is  given  as  7,3dd  pounds 
per  square  inch ; with  a factor  of  safety  of  4 this  gives  an 
allowable  stress  of  7,300-^4  = 1,825  lb.  per  sq.  in.,  and  the 
section  required  to  resist  the  bending  moment  must  have  a 
modulus  of 


= 83.34 

(see  formula  4,  Art.  10,  also  Art.  70).  Since  the  depth  of 
the  beam  is  10  inches,  the  breadth  is  found,  by  applying 
formula  15,  Art.  101  ^ Architectural  Engineering,  5,  to  be 


h 


(i/C 


0X83.34 

uP 


5 in. 


This  is  the  thickness  of  the  rafter  that  is  required  to  resist 
the  bending  stress. 

Since  the  section  of  the  rafter  is  relatively  short,  its  com- 
pressive strength  may  be  considered  as  that  of  a short 
column.  In  Table  G,  Art.  01,  Arehitectural  Engineering, 
§ 5,  the  compressive  strength  of  yellow  pine  is  stated  to  be 
4,400  pounds  per  square  inch;  with  a factor  of  safety  of  4, 
the  allowable  stress  is  4, 400 -t- 4 = 1,100  lb.  per  sq.  in., 
and  the  area  required  to  resist  the  compressive  stress  is 
5G, 000 1,100  — 50.9  sq.  in.;  the  depth  being  10  in.,  the 
thickness  must  be  50.9  -4- 10  = 5.09  in.  The  total  thickness 
of  the  rafter  must,  therefore,  be  5-U5.09  = 10.09,  say  10  in. 

Ans. 

biE 

(18)  Applying  the  formida  I = , see  table  “ Ele- 

1 /V 

ments  of  Usual  Sections,”  the  moment  of  inertia  of  the  sec- 
tion of  the  beam  about  its  neutral  axis  when  the  longer  side 
is  vertical  is 


8X14^ 

12 


1,829 


L 

3» 


and  when  the  shorter  side  is  vertical  the  moment  is 


UXS^* 

12 


5971. 


The  total  uniformly  distributed  load  on  the  beam  is 
50x10  = 800  lb.,  and  from  the  table  “ Modulus  of  Ela.sticity 


§0 
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of  Timber,”  the  modulus  of  wliite  pine  is  found  to  be 
1,000, 000;  applju’ng'  the  formula  for  the  defleetion  of  a 
simple  beam  uniformly  loaded,  see  table  “ Defleetion  of 
Beams,”  the  defleetion,  where  the  longer  side  is  vertical,  is 
/ = 5X800X192^  ^ . 

^ 384  X 1, 0(H), 000  X l,82!)i  ’ ' ’ 

when  the  shorter  side  is  vertieal,  the  defleetion  is 


5X800X192“ 

“ 384X  1,000,000X597 
The  differenee  in  defleetion  is, 
= .0831  in.  Ans. 


- =r  .1234  in. 

% 

therefore,  .1234  — . 0403 


(19)  (a)  The  Fink  tru.ss.  See  Art.  (}1). 

(/>)  At  one  of  the  joints  there  are  three  unknown  stresses  to 
be  determined,  and  such  a determination  is  an  impossibility 
with  the  usual  method  of  the  polygon  of  forces.  See  Art.  (>T. 

(c)  Owing  to  the  construction  of  the  tniss,  it  can  be 
proved  that  one  of  the  unknown  stresses  is  equal  to  the 
stress  in  a member  that  has  been  previou.sly  determined;  the 
unknown  stresses  are  thus  rediiced  to  two,  which  makes  it 
possible  to  complete  the  force  polygon.  See  Art.  (>7. 

(20)  The  necessity  for  providing  suitable  connections  and 
the  durability  of  the  member  when  exposed  to  the  corrosive 
action  of  moisture  and  gases  make  it  important  that  the  sec- 
tion of  metal  should  never  be  less  than  a certain  quantity. 
See  Art.  73. 

(21)  (a),  (/;),  and  (r)  See  Art.  G4. 

(22)  See  Art.  44. 

(23)  vSee  Arts.  5 1 to  .54. 

(24)  Taking  the  center  of  moments  over  the  reaction 
the  moments  of  the  loads  are  as  follows: 

Load  a,  8,4  0 Ox  10  =:  8 4,0  0 0 ft. -lb. 

Load  2 0,0  0 0x25  = 5 1 5,0  0 0 ft.-lb. 

Load  r,  1 9,0  0 0x40  = 7 0 0,0  0 0 ft.-lb. 

Load  ^/,  2 2,8  0 0x58  = 1,3  2 2,4  0 0 ft.-lb. 

Load  r,  1 3,8  0 0x72  = 9 9 3 0 0 0 ft.-lb. 

Totals,  8 4,0  0 0 3,0  7 5,0  U 0 ft.-lb. 


i/erffca/Sca/e^  =■’300000 f/ .’I 
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The  reaction  A,  is  :J,(575,()00 80  45,!):I7.5  lb.,  and  at  A\ 

the  reaction  is,  therefore,  84,(iU0  — 45,!)o7. 5 ^ :38,GG-4.5  lb. 

Tlie  bending-  moments  under  tlie  various  loads  are  as 
follows; 

Under  load  <-?,  :58,(;(j2.5  X 10  = 380,025  ft.-lb. ; 

Under  load  38,002.5X25  — 8,400X15  = 840,502.5  ft.-lb.; 

Under  load  38,002.5  X 40  - (8,400  X 30  + 20,000  X 15) 

= 085,500  ft.-lb. ; 

Under  load  c/,  45,937.5  X 22  — 13,800  X 14  = 817,425  ft.-lb.; 
Under  load  e,  45, 937. 5 X 8 = 307,500  ft.-lb. 

The  net  area  of  one  of  the  flange  plates  islOx^  — 2x|x|- 
= 4.125  sq.  in.  From  the  table  “Areas  of  Angles,”  the 
area  of  a 4"  X V X angle  is  4.01  sq.  in. ; the  total  section  to 
be  deducted  from  the  two  angles  for  the  rivet  holes  is  4 X | X | 
= 2.19  sq.  in.  ; the  net  area  of  the  two  angles  is,  therefore, 
2x4.01—2.19  = 7.03  sq.  in.,  and  the  net  area  of  the  whole 
section  is  3x4.125  + 7.03  = 19.405  sq.  in. 

Now  construct  the  diagram  as  described  in  Art.  47;  draw 
the  line  A,  R^,  Fig.  1,  making  its  length  correspond  to  that 
of  the  beam,  and  on  it  locate  the  points  of  application  of  the 
loads  a,  b,  r,  d,  and  e.  From  the  ends  and  R^  and  the 
points  of  application  of  the  loads,  draw  indefinite  perpendicu- 
lars to  A,  A.^.  Choosing  a vertical  scale  of  bending  moments 
such  that  a height  of  1 inch  is  equal  to  a bending  moment  of 
400,000  ft.-lb.,  the  bending  moments  at  the  points  of  appli- 
cation of  the  loads  are,  respectively,  represented  by  the  fol- 
lowing vertical  distances ; 

At  rt',  38G,G25  ^400,000  = .967  in. 

Aib,  840,562.5-^400,000  = 2.10  in. 

At  r,  985,500  ^400,000  = 2. 4G  in. 

Aid,  817,425  -t-400,000  = 2.04  in. 

At  367,500  -^400,000  =r  .92  in. 

These  distances  laid  off  on  the  verticals  from  the  points 
a,  b,  c,  etc.,  locate  the  points  + g,  h,  i.  and  j,  which  fix  the 
polygon  RJ gh  . . . . A,^. 

Through  the  highest  point  h of  the  polygon,  draw  the 
horizontal  line  1-1' \ then  divide  the  perpendicular  distance 
1 A,  into  parts  proportional  to  the  sectional  areas  of  the 
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flange  plates  and  the  sum  of  the  areas  of  the  two  flange 
angles.  Through  the  points  of  division  3,  and  zv,  draw 
the  horizontal  lines  2-2\  3-3',  and  tax;  at  the  points  m, 
0,  p,  u,  and  /,  where  these  lines  cut  the  polygon  I\,fg 
. . . . /v^,  erect  the  perpendiculars  ku,  ms,  oq,  etc.,  thus 
forming  the  rectangles  kuvl,  mstn,  and  oqrp.  The 
lengths  of  these  rectangles,  when  measured  by  the  scale  to 
which  the  load  line  /v,  was  laid  off  in.  1 foot  in  the 
present  example),  give  the  required  lengths  of  the  cover- 
plates,  3G  ft.  0 in.,  49  ft.  9 in.,  and  G3  ft.  0 in.,  respectiv'ely. 

Ans. 


(25)  {a)  Proportioning  the  stiffness  to  withstand  the 

greater  reaction,  the  minimum  sectional  area  required  is 
45,937.5  4-  12,000  = 3.83sq.  in.  for  the  two  angles,  or3.H3-r-9- 
= 1.915  sq.  in.  for  each;  by  reference  to  the  table  “Areas 
of  Angles,”  it  is  seen  that  the  area  of  a 2|"x2|"x|"  angle 
is  l.i)2  sq.  in.,  consequently,  this  size  of  angle  may  be  used. 

(/;)  The  net  depth  of  the  web-plate  is  00  — 15x|^  = 40| 
in.  Applying  formula  I fi,  Art.  ,‘58,  the  calculated  thick- 
ness is 


T = 


45, 937.5 
40.375X12,000 


.082  in.  = nearly.  Ans. 


(20)  From  the  table  “Areas  of  Angles,”  the  total  area 
of  a 0"x0"x^V''  angle  is  5.00  sq.  in.;  the  diameter  of  the 
rivet  hole  is  | + i = 1 in.  ; therefore,  the  section  to  be 
deducted  for  a |-inch  rivet  is  IXyV  = yV  i^^->  and  the 
net  area  is  5.00  —2  XyV  — 1. 185  sq.  in.  Ans. 


(27)  {a)  of  the  span.  See  Art.  i57. 

{b)  The  girder  should  be  so  proportioned  that  the  deflec- 
tion will  not  be  excessive.  See  Art.  J57. 


(28)  {a)  At  joints  and  at  the  foot  of  a built-up  column 

the  rivets  are  usually  spaced  closer  than  in  the  body  of  the 
column.  vSee  Art.  ^20. 

(^)  Where  the  aggregate  thickness  of  the  metal  between 
the  heads  of  the  rivet  is  not  more  than  1 inches,  a |-inch 
rivet  may  be  used ; if  the  aggregate  thickness  of  the  several 
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plates  is  more  than  1 J inehes  and  less  than  3 inehes,  use 
J-inch  rivets;  and  if  the  ag-g-regate  thiekness  is  3 inehes  or 
more,  use  1-inch  rivets.  See  Art.  JiO. 


(20)  The  inaccessibility  of  its  inner  surface  for  painting 
and  inspection,  and  the  difficulty  of  making  connections  for 
floorbeams,  etc.  See  Art.  1 S. 


(30)  From  the  table  “ Properties  of  Angles,  Equal  Legs,” 
the  distance  of  the  center  of  gravity  of  a 3.\"x3|"x|" 
angle  from  the  back  of  a flange  is  found  to  be  1.01  inches, 
its  moment  of  inertia,  with  respect  to  an  axis  through 
this  center  and  parallel  to  the  back  of  the  flange,  is  2.87, 
and  the  area  of  the  .section  is  2.48  square  inches.  The 
distance  of  the  center  of  gravity  of  one  of  the  angles  from 
an  axis  through  the  center  of  gravity  of  the  section  and 
parallel  to  one  of  its  sides  is  0—1.01  = 4. ifl)  inches  ; the 
moment  of  inertia  of  an  angle,  with  respect  to  this  axis,  by 
applying  formula  1,  Art.  7,  is 

r = 2.87  + 2.48x4.09"  = 04.02; 
and,  from  formula  2,  Art.  7,  the  moment  of  inertia  of  the 
foixr  angles  with  respect  to  the  axis  is 

/,  = 2/'  = 4X04.02  = 258.48, 
which,  since  the  effect  of  the  lattice  bais  is  not  considered  in 
calculating  the  moment  of  inertia,  is  the  total  moment  of 
inertia  of  the  section  with  respect  to  an  axis  through  its 
center  of  gravity,  parallel  to  either  side. 

Applying  formula  (>,  Art.  1 1 , the  square  of  the  radius  of- 
gyration  is 


R?  = 


258.48 

4X2.48 


26.06. 


From  Table  6,  Art.  Architecinral  Engineering,  §5, 
the  ultimate  compressive  strength  of  structural  steel  is 
52,000  pounds  per  square  inch;  the  length  of  the  column  is 
24  X 12  = 288  in.  ; substituting  in  formula  9,  Art.  15,  the 
ultimate  compressive  strength  of  the  column  is 


N = 


3 + 


52,000 

288" 

36.000X26.06 


= 47,800  lb.  per  sq  in.  of  section, 

nearly. 
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With  a factor  of  safety  of  4 the  allowable  compressive 
strength  is  47,800-^4  = 11,950  lb.  per  sq.  in.,  and  the  allow- 
able load  on  the  column  is  11,950x9.92  = 118,500  lb.,  in 
round  numbers.  Ans. 

(31)  {a)  Angles  and  plates. 

{/?)  The  angles  are  placed  back  to  back  in  pairs  with  the 
plates  between  them  at  the  joints,  and  all  are  held  together 
by  rivets  through  the  angles  and  plates.  See  Art.  T(>. 

(32)  (a)  By  upsetting  the  ends,  the  section  at  the  root  of 
the  threaded  portion  of  the  rod  is  made  equal  to  the  section 
of  the  main  part  of  the  rod;  a considerable  saving  of  material 
is  thus  effected. 

(/?)  No,  because  the  saving  in  material  would  be  too  small 
to  pay  for  the  extra  labor  required.  See  Art.  7 1. 

(33)  The  diameter  of  the  pin  should  be  from  | to  of 
the  width  of  the  bar  in  flats,  and  1^  times  the  diameter  of 
the  bar  in  rounds.  The  sectional  area  of  the  metal  around 
the  eye  should  be  50  per  cent,  in  excess  of  that  of  the  rod  or 
bar.  See  Art.  <S(). 

(34)  The  stresses  in  the  roof,  owing  to  the  comparatively 
steady  nature  of  the  loading,  can  be  calculated  with  greater 
certainty  than  in  a bridge;  also,  owing  to  the  same  cause, 
the  stresses  are  not  so  severe  on  the  material  of  the  roof. 
See  Art.  84. 

(35)  See  Art.  J51.  First  find  the  horizontal  and  vertical 
components  of  the  stresses  in  the  members  r and  </,  by  means 
of  the  diagram  shown  in  Fig.  2.  In  this  diagram  the  lines 

n and  o p are  drawn  parallel,  respectively,  to  the  members 
c and  d\  the  distance  o n is  laid  off,  to  a scale  of  1 inch  = 4,000 
pounds,  equal  to  15,000  pounds,  the  stress  in  r;  and  op,  to 
the  same  scale,  is  made  equal  to  the  stress  of  13,400  pounds 
in  the  member  d\  the  directions  in  which  these  stresses  act 
are  shown  by  the^arrows.  Resolving  each  of  these  stresses 
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into  its  horizontal  and  vertical  components  by  drawing  the 
lines  0 in  and  n in,  o r and  p r,  the  horizontal  component  of 
the  stress  in  c is  found  to  be  9,000  pounds  and  the  vertical 


component  12,000  pounds;  the  respective  stresses  in  d are 
0,000  pounds  horizontal,  and  12,000  pounds  vertieal. 


2 •>-,00  It, 


7.-,OO0  it, 

4 

:iooo  it, 

n 

UOOO  it,. 

& 

V 

3000  it, 

1" 

I -,000  II, 

. 22r,00l1,  7 

(«J 


Fig.  3. 


(b) 
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(«)  Lay  out  the  diagram  of  horizontal  forces  shown  in 
Fig.  3 [a),  and  from  it  compute  the  greatest  horizontal  bend- 
ing moment.  By  an  inspection  of  this  diagram,  it  is  evident 
the  greatest  bending  moment  is  at  the  center  of  the  pin, 
where  the  load  of  9,00U  pounds  is  applied;  its  magnitude 
is  given  by  the  following  calculation: 

Taking  the  center  of  moments  at  the  center  of  the  pin, 
the  moment  of  the  force  of  22,500  pounds  is 

22,500X  6|  = 1 4 6,2  5 0 in. -lb. 

and  the  moments  of  the  opposing  forces  are 

15,000x5  = 7 5,0  0 0 in. -lb. 

3,000X4  =z  1 2,0  0 0 in. -lb.  8 7,0  0 0 in. -lb. 

Remainder,  5 0,2  5 0 in. -lb. 

the  greatest  horizontal  bending  moment  on  the  pin.  Ans. 

{d)  From  the  diagram  of  vertical  forces.  Fig.  3 (/>»), 
the  vertical  bending  moment  is  6,000x4  24,000  in. -lb. 

Ans. 

(c)  Since  the  maximum  bending  moment  is  equal  to  the 
resultant  of  the  horizontal  and  vertical  moments,  its  value  is 
equal  to  the  hypotenuse  of  a right  triangle  of  which  the  ver- 
tical and  horizontal  stresses  are  the  .sides;  applying  this 
principle,  the  maximum  bending  moment  is 

i^5i),  250'^ -j- 124,000'^  = 63,026  in. -lb.  Ans. 

(c/)  From  the  table  “ Resi.sting  Moments  of  Pins.”  we  find 
that,  with  a unit  fiber  stress  of  20,000  pounds,  the  resist- 
ing moment  of  a 3|-inch  pin  is  67,400  inch-pounds,  and  that 
this  is  the  smallest  regular  size  that  will  fulfil  the  condi- 
tions of  this  problem;  a 3j-inch  pin  must,  therefore,  be 
used.  Ans. 

(36)  See  Art.  81.  From  the  table  “Values  of 
Rivets,”  the  allowable  stress  on  a |-iuch  rivet  in  web  bear- 
ing, with  a j^^-inch  plate  and  a unit  tensile  stress  of  12,000 
pounds  per  square  inch,  is  (>,825  pounds.  Using  this  value, 
the  number  of  rivets  required  for  each  member  is  as 
follows; 
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Member  <7,  60,000 -i- (5,825  = 0,  nearly. 
Member  b,  17,900 -f- 6,825  = 3,  nearly. 
Member  c,  20,000 6,825  = 3,  nearly. 
Member  <4  40,000 -f- 6,825  ==  6,  nearly. 


- Ans. 


(<5>)  The  number  of  rivets  required  for  the  horizontal 
members  a and  d makes  it  desirable  to  use  a spliee  plate  to 
connect  these  two  members,  rather  than  to  use  so  many 
rivets  through  the  gusset  plate.  If  we  assume  5 rivets 
through  the  gusset  plate  for  the  member  a,  there  will  remain 
a stress  of  60,000  — 5 X 6,S25  = 25,875  lb.  yet  to  be  pro- 
vided for.  With  an  allowable  tensile  stress  of  12,000  pounds 
per  square  inch,  the  net  area  of  the  splice  plate  must  be 
25,875 12,000  = 2.156  sq.  in.;  using  a plate  74  inches 
wide  and  inch  thick,  the  net  area,  after  deducting  for  two 


rivet  holes,  is  7^XyV  — 2X|XyV  = ®q.  in.  Using 

|-inch  rivets  through  the  splice  ])late  and  horizontal  legs  of 
the  angles,  these  rivets  will  be  in  single  shear,  and,  since  the 
thickness  of  the  plates  is  greater  t'.an  the  greatest  thickness 
of  plate  given  in  the  table  for  the  bearing  value  of  |-inch 
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rivets,  it  will  be  necessary  to  calculate  the  rivets  for  shear. 
According-  to  the  rule  for  the  shearing  strength  of  rivets 
given  in  the  table,  the  shearing  strength  of  a |-inch  rivet, 
when  the  allowable  tensile  stress  is  12,UUU  lb.  per  scp  in.,  is 
12,000  X yf  X f X .442  ■ 3,  Sol  lb.  per  sq.  in.  ; there  will  then 

be  required  25,875 -t- 3,831  = 7 rivets,  nearly,  between  each 
of  the  members  a and  d and  the  splice  plate.  For  the  pur- 
pose of  making  the  construction  symmetrical,  we  will  use  8 
rivets  in  each  case,  4 through  the  leg  of  each  angle;  the 
construction  of  the  joint,  as  now  calculated,  is  shown  in 
Fig.  4. 

(37)  From  the  table  “Elements  of  Usual  Sections,”  the 
moment  of  inertia  of  a hollow  cylinder,  with  respect  to  an 
axis  through  the  center,  is 

^ _ A n‘-ad\ 

~ llj  ’ 

the  area  A of  the  whole  cylinder  is  .7854x  12’  = 113.10, 
and  the  area  of  the  hollow  portion  is  .7854x10’  = 78.54; 
substituting  in  the  formula,  we  have 

Substituting  now  in  formula  1,  Art.  7,  the  moment  of 
inertia,  with  respect  to  the  axis  18  inches  from  the  center  of 
the  cylinder,  is 

r 527.025-f  (113.1  -78.54)  18’  = 11,724.405.  Ans. 

(38)  From  the  table  “Radii  of  Gyration  for  Two  Angles 
Placed  Back  to  Back  with  Long  Leg  Vertical,”  the  least 
radius  of  gyration  of  two  5"  X3"  X angles,  placed  as  stated 
in  the  question,  is  1.42;  the  length  of  the  column  is  22  X 12 
= 204  in.,  and  the  ultimate  compressive  strength  of  struc- 
tural steel,  from  Table  G,  Art.  i\\  ^ Architectural  Enginccr- 
ing,  § 5,  is  52,000  lb.  per  sq.  in. ; substituting  in  formula  1), 
Art.  15,  the  ultimate  compressive  strength  of  the  column  is 

2)  = = 20,530  lb.  per  sq.  m. 

^ 30,000  X 1.4^’ 
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With  a factor  of  safety  of  4,  the  allowable  stress  is 
2G,530-t-4  = G, 032  lb.  per  sq.  in.  From  the  table  “Areas 
of  Angles,”  the  area  of  a 5"x3"x|"  angle  is  5.44  sq.  in.; 
the  sectional  area  of  the  column  is,  therefore,  2 X 5. 44  = 10.88 
sq.  in.,  and  the  allowable  load  is  10.88x0,032  = 72,150  lb., 
or  in  round  numbers,  72,000  lb.  Ans. 


(39)  The  net  depth  of  the  web-plate  is  48  — 14  X f = 35. 75 
in.  ; substituting  in  formula  Art.  J5<S,  the  required 


thickness  is 

r = 


150,000 

35.75X13,000 


.330  in.,  say  | in.  Ans. 


(40)  The  total  load  on  the  girder  is  3,000  X 84  = 252,0001b., 
and  since  this  load  is  uniformly  distributed,  the  reac- 
tions are  each  252,000-^-2  = 120,000  1b.  The  length  of 
each  panel  into  which  the  web-plate  is  divided  is  84 -f- 14 
= 0 ft. ; the  decrease  in  vertical  shear  from  panel  to  panel, 
working  along  the  beam  from  either  reaction  towards  the 
center,  is,  therefore,  0x3,000  18,000  lb.  The  vertical 

shear  at  either  end  of  the  girder  is  equal  to  the  reaction, 
126,000  pounds;  according  to  the  table  “Values  of  Rivets,” 
the  web-bearing  value  of  a |-inch  rivet  in  a y^^-inch  plate, 
when  the  allowable  unit  tensile  stress  is  15,000  pounds  per 
square  inch,  is  0,094  pounds;  therefore,  according  to  the 
method  described  in  Art.  54,  the  number  of  rivets  required 
in  the  first  pane''  is  120.000-^-0,094  = 21,  and  the  spacing  for 
this  panel  is  72 -T- 21  3.429  in.  At  the  beginning  of  the  sec- 

ond panel  the  vertical  shear  isl26, 000  — 18,000  = 108,0001b.; 
the  number  of  rivets  required  is  108,000 0,094  = 18;  and 
the  spacing  for  the  second  panel,  72  -;-  18  =:  4 in.  At  the 
beginning  of  the  third  panel  the  shear  is  108,000  — 18,000 
= 90,000  lb.  ; the  number  of  rivets  required  is  90,000 -;- 0,0!)4 
= 15;  and  the  spacing  for  the  third  panel,  72-;- 15  = 4.8  in. 
vSimilarly,  for  the  foimth  panel  the  shear  is  90,000  — 18,000 
= 72,000  lb.  ; the  number  of  rivets  required,  72,000-7-0,094 
= 12;  and  the  spacing,  72-4-12  = Gin.  Since  0 inches  is 
the  maximum  allowable  spacing,  it  is  unnecessary  to  carry 
the  calcidation  any  faither.  Collecting  the  results  obtained, 
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the  spacing'^  for  the  panels  from  the  ends  to  the  center 
are  as  follows;  1st  panel,  3.429  in.;  2d  panel,  4 in.;  3d 
panel,  4.8  inches;  4th,  5th,  Gth,  and  7th  panels,  each  (5 
inches.  Ans. 


(41)  The  total  uniformly  distributed  load  on  a beam  is 
20x2x480  = 19,200  lb.;  the  leng'th  of  a beam,  in  inches, 
is  20X12  = 240  in. ; the  modulus  of  elasticity  of  structural 
steel,  from  the  table  “Modulus  of  Elasticity  of  Metals,”  is 
29,000,000;  and  the  moment  of  inertia  of  a 12-inch  31  Upound 
I beam,  from  the  table  “ Ih'operties  of  I Beams,”  is  220.5. 
vSubstituting  in  the  formula  for  the  deflection  of  a simple 
beam  uniformly  loaded,  see  table  “Deflection  of  Beams,” 
the  greatest  deflection  is 

5 X 19,200X240" 


d = 


384X29,U00,()()0x220.5 


= .54  in.  Ans. 


(42)  The  area  of  the  section  of  the  plate  is  10  Xj  = 2.5 
sq.  in.,  and  the  distance  of  its  center  of  gravity  from  the 
outer  edge  is  |-X|-  = } in.  ; from  the  table  “Properties  of 
Angles,  Unequal  Legs,”  the  area  of  a G"x3|-"x|"  angle  is 
7.55  square  inches,  and  the  distance  of  its  center  of  gravity 
from  the  back  of  the  shorter  flange  is  2.22  inches;  the  dis- 
tance of  its  center  of  gravity  from  the  outer  edge  of  the 
plate  is,  therefore,  2.22 -(-.25  = 2.47  in. 

Applying,  now,  the  principle  of  moments,  see  Arts,  and 
4,  we  have  moment  of  ])late,  with  respect  to  its  outer  edge 
as  an  axis,  2.5  xj-  = .3125.  IMoment  of  two  angles,  with 
respect  to  the  outer  edge  of  plate  as  an  axis,  2x7.55x2.47 
= 37.297.  Sum  of  the  moments  of  the  several  sections, 
37.297  + •'^12'^  " 37.G095;  dividing  by  the  sum  of  the  areas, 
37.G095  4- (2.5 + 2X7.55)  = 2.137  in.  Ans. 


(43)  The  moment  of  inertia  of  the  plate,  with  respect  to 
an  axis  through  its  center  of  gravity  and  parallel  to  the  axis 
a b,  is 


10x(+= 

12 


= .013 


(see  table  “Elements  of  Usual  Sections”);  the  distance  of 
its  neutral  axis  from  the  axis  ab  is  2. 137  — .125  = 2.012  in., 
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and  its  area  is  10  X|  = 2.5  sq.  in.  Applying  formula  1, 
Art.  7,  the  moment  of  inertia  of  the  plate,  with  respect  to 
a b,  is 

r = .01:1  + 2.5x2.012*  = 10.13:3. 

From  the  table  “ Properties  of  Angles,  L^nequal  Legs,” 
the  moment  of  a G"x3l"X  g^"  angle,  with  respect  t(j  an  axis 
tlirough  its  center  of  gravity  and  parallel  to  the  shorter 
flange,  is  2G.:5fl;  tl'.e  distance  of  the  center  of  gravity  of  the 
angle  from  the  axis  ab  is  2.47  — 2. 137  = .333  in.  (see  exam- 
ple 42);  the  moment  of  inertia  of  one  of  the  angles,  with 
respect  to  a b,  is,  therefore, 

r = 2G.38  + 7.55  X .33:3*  27.217. 

Applying  formula  Art.  7,  the  moment  of  inertia  of 
the  whole  .section,  with  respect  to  a b,  is 

/,  = 'Ll'  = 10.1:33  + 2x27.217  G4.5G7.  Ans. 


(44)  {a)  From  the  table  ‘‘Properties  of  I Beams,”  the 

moment  of  inertia  of  10-inch  33-pound  beam,  with  respect 
to  the  given  axis,  is  1G1.3;  substituting  in  formula  3, 
Art.  i>,  the  section  modulus  is 


K = 


1G1.3 


= 32. 2G.  Ans. 


{b)  Since,  according  to  the  table  “Properties  of  Chan- 
nels,” the  moment  of  inertia  of  a 12-inch  20-pound  channel 
is  124.7,  the  section  modulus  is 


K = 


124.7 

G 


20. 78.  Ans. 


(45)  Since  the  resisting  moment  is  equal  to  the  product' 
of  the  section  modulus  multiplied  by  the  greatest  unit  stress 
(.see  Art.  D),  {a)  the  resisting  moment  of  the  I beam  is 
32. 2G  X 12,000  = :387, 120  in.-lb.  Ans.  (/;)  The  resisting  mo- 
ment of  the  channel  is  20.  78X  12,000  = 249,:3GO  in.-lb.  Ans. 


(4G)  (r?)  The  ability  of  the  column  to  resist  transverse  or 

bending  stresses  decreases  as  its  length  increases,  and  this  is 
provided  for  by  the  use  of  a greater  factor  of  safety  for  the 
longer  columns.  See  Art.  17. 

(b)  See  formula  11,  Art.  17. 
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(47)  See  Art.  23. 

(48)  (a)  Either  by  the  crippling-  of  the  plates  or  the  shear- 
ing- of  the  rivets.  See  Art.  2G. 

(^)  The  compressive  strength  is  assumed  to  be  of  the 
tensile  strength  and  the  shearing  strength  | of  the  compress- 
ive strength.  See  Art.  27. 

(49)  Bending  and  shearing.  See  Art.  29. 

(50)  (u-)  One-sixth  of  the  section  of  that  part  of  the  web- 
plate  which  is  included  between  the  flange  angles  is  consid- 
ered as  a part  of  the  effective  flange  area.  See  x\rt.  41. 

(^)  The  plate  should  not  be  splieed  under  the  point  of 
greatest  bending  moment  and  the  spliee  should  develop  the 
greatest  possible  percentage  of  the  strength  of  the  plate. 
See  Art.  41. 


MASONRY. 

(QUESTIONS  1-79.  SEC.  7.) 


(1)  (a)  See  Art.  28. 

(/;)  See  Art.  30. 

(2)  See  Arts.  45  and  46. 

(3)  (a)  See  Art.  92. 

(^)  See  Art.  94. 

(r)  See  Art.  92. 

(4)  (a)  See  Art.  129. 

(^)  See  Art.  131. 

(r)  See  Art.  1 33. 

(o)  See  Arts.  144  to  148. 

(G)  See  Art.  169. 

(7)  See  Art.  200. 

(8)  vSee  Arts.  224  to  227. 

(9)  See  Art.  241. 

(10)  See  Art.  237. 

(11)  See  Arts.  276  to  279. 

(12)  (a),  (/>),  and  (r)  See  Art.  182. 

(13)  (rt:)  and  (/>)  See  Art.  282. 

(f)  See  Arts.  282  and  284. 

(14)  A trimmer  arch.  See  Art.  234. 
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gr 


(15) 

(10) 

(17) 

(18) 

(19) 

(20) 


(^) 

(^) 

(21) 

(22) 

(23) 

(24) 

(25) 


(20) 


(27) 


(a)  and  (/;)  See  Art. 

(^•)  See  Art.  203. 

See  Art.  53. 

(a)  and  (I?)  See  Art.  99. 
{c)  See  Art.  100. 

See  Arts.  255  and  256. 
vSee  Arts.  203  to  213. 


(a)  See  Art.  7.3. 

(/;)  See  Art.  75. 

(c)  See  Art.  74. 

IV  = 1,200  lb.  ;//==:  15  ft.  = 180  in. ; and  (r  — 


Hence,  P — 


Wh 

8 a 


See  Art  80. 


1,200X180 

8X^ 


43,200  lb. 


See  Art.  25. 


See  Art.  272. 

{a)  and  (/;)  See  Art.  247. 
See  Art.  254. 

(rt)  vSee  Art.  207. 

{b')  See  Art.  2(>8. 

{a)  See  Art.  194. 

{b)  See  Art.  1 9(>. 

(c)  See  Arts.  197  and  198. 
See  Art.  142. 


(28)  See  Art.  112. 

(29)  See  Arts.  200  and  207. 

(30)  See  Arts.  23.5  to  2.37. 

(31)  {a)  See  Art.  275. 

(/;)  See  Art.  274. 

(32)  See  Art.  240. 
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(33)  See  Art.  243. 

(34)  See  Art.  338. 

(35)  See  Arts.  314  to  316. 

(3G)  See  Art.  3(>9. 

(37)  See  Table  4,  Art.  380. 

(38)  See  Arts.  343,  343,  340,  348,  and  349. 

(39)  vSee  Art.  338. 

(40)  See  Art.  343. 

(41)  See  Art.  184. 

(42)  vSee  Art.s.  319  to  333. 

(43)  See  Art.  30. 

(44)  (rt:)  See  Art.  00. 

(/;)  See  Art.  07. 

{c)  See  Art.  00. 

(15)  SeeArt.  199. 

(40)  See  Arts.  339  and  330. 

(47)  vSee  Art.  97. 

(48)  The  load  per  .sq.  ft.  on  each  floor  is  75  + 100  = 175 
lb. ; for  4 floors  it  is  175  X4  = 700  lb.  Adding  the  roof  load, 
20  lb.  per  sq.  ft.,  the  total  is  720  lb.  The  area  carried  by  each 
pier  is  15  ft.Xl5  ft.  = 225  sq.  ft.  Multiplying  720  by  225, 
the  total  weight  is  102,000  lb.;  which,  at  0,000  lb.  per  sq.ft., 
will  require  27  sq.  ft.  of  footing,  or  about  5.2  ft.  square.  Ans. 

(49)  vSee  Art.  105. 

(50)  See  Arts.  344  and  345. 

(51)  See  Art.  338. 

(52)  See  Art.  3(>5. 

(53)  See  Art.  300. 
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(54)  See  Arts.  57  to  04. 

(55)  (a)  See  Art.  163. 

(Z’)  See  Arts.  164  to  161). 

(5G)  See  Arts.  113  and  114. 

(57)  See  Art.  83. 

(58)  See  Art.  86. 

(59)  See  Art.  188. 

(GO)  (a)  See  Art.  3.50. 

(/>>)  See  Art.  3.51, 

(Gl)  See  Art.  346. 

(02)  (a)  See  Art.  1.58, 

(b)  See  Art.  160. 

(c)  See  Art.  158. 

(G3)  See  Arts.  117  to  130. 

(G4)  See  Arts.  134  to  138. 

(G5)  By  means  of  cesspools.  See  Art.  31. 

(GG)  See  Arts.  149  and  1.50. 

(G7)  By  borings  or  trial  pits.  See  Art.  7. 

(G8)  See  Arts.  37  and  38. 

(G9)  See  Arts.  88  and  89. 

(70)  See  Arts.  134  to  140. 

(71)  (a)  See  Art.  190. 

(b)  See  Art.  193. 

(c)  See  Art.  193. 

(72)  (a)  Rock,  virgin  soil,  and  “ made  ground.”  See  Art.  8. 
(/;)  Rock. 

(c)  See  Table  1,  Art.  19. 

(73)  See  Art.  371. 

(74)  See  Art.  317. 
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(75)  (rt)  and  {b)  See  Art.  11)1, 

(76)  {a)  See  Arts.  175  to  ITS. 

{b)  See  Art.  17^. 

(77)  In  the  formula  of  Art.  122,  <^  = 48  in. ; (P  = GXG 
= 36  in.  ; / = 96  in.  ; A = .744.  The  safe  load  is  the 
breaking  load,  and  the  distributed  load  twice  the  concentrated 

or  center  load,  hence,  — ]jyj~  load.  Substituting, 


IF 


2X.744X48X36 
10  X 96 


2. 68  tons.  Ans. 


(78)  See  Art.  102. 

(79)  (a)  and  (b)  See  Arts.  152  to  150, 


MASONRY. 

(QUESTIONS  1-78.  SEC.  S • 


(1)  (^),  and  (c)  See  Art.  10. 
(<Y)  See  Art.  17. 

(2)  (a)  and  (A)  See  Art.  54. 

{c)  See  x\rts.  55  and  58. 

(3)  {a)  See  Art.  1 54. 

(A)  See  Art.  155. 

(4)  {a)  See  Art.  5. 

(/;)  See  Art.  0. 

{c)  See  Art.  7. 

(.5)  (<?)  and  (A)  See  Art.  231. 

(G)  {a)  and  {b)  See  Art.  128, 

(7)  {a)  and  {b)  See  Art.  216, 

(8)  {a)  See  Art.  78. 

(/;)  and  {c)  See  Art.  79. 

(9)  {a)  and  {b)  See  Art.  232. 

(10)  {a)  See  Art.  191. 

{b)  See  Art.  192. 
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(11)  In  this  example,  = 9 inches;  b — % inches;  L = 5 
feet;  A = 70]  whence, 

IV  = 'iljpi  = ^ I3_e08  lb. 

L • 0 


Safe  load  = 


'V  = 

13608  - 
6^ 

= 2,2G8  lb. 

(12) 

(«) 

See 

Art. 

234. 

i^) 

See 

Art. 

238. 

(13) 

(a) 

See 

Arts 

. 137  and  138. 

{b) 

See 

Art. 

145. 

ic) 

See 

Art. 

148. 

(14) 

See 

Art 

. TO 

• 

(15) 

{a) 

See 

Art. 

219. 

(^) 

See 

Art. 

220. 

(IG) 

{a) 

See 

Art. 

88. 

{b) 

See 

Art. 

90. 

(17) 

{a) 

See 

Art. 

217. 

and 

[c)  See  Art. 

218. 

(18) 

(^) 

See 

Art. 

201. 

{b) 

Sec 

Art. 

202. 

(19) 

(^) 

and 

(b)  See  Art. 

108. 

(20) 

(A) 

and 

(/;)  See  Art. 

104. 

(21) 

(^) 

See 

Art. 

200. 

{f’) 

See 

Art. 

205. 

(^) 

See 

Art. 

20(>. 

(22) 

(^) 

and 

{b)  See  Art. 

199. 

(23) 

(«) 

See 

Art. 

99. 

See 

Art. 

100. 

(24) 

(«) 

See 

Art. 

223. 

{^) 

See 

Art. 

224. 

(25) 

{a) 

See 

Art. 

19. 

(^) 

See 

Art. 

20. 
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(26)  {a)  See  Art.  204. 

(d)  See  Art.  205. 

(27)  (a)  See  Art.  02. 

(d)  See  Art.  03. 

(^:)  See  Art.  01. 

(28)  (a)  See  Art.  100. 

(I?)  See  Art.  170. 

(29)  See  Art.  240. 

(30)  (a)  See  Art.  158. 

(b)  See  Art.  101. 

(31)  (a)  See  Art.  245. 

(b)  See  Art.  240. 

(32)  {(i)  See  Art.  115, 

{b)  See  Art.  117. 

(^:)  See  Art.  110. 

(33)  (rt:)  and  {b)  See  Art.  185. 


Highest. 

Lowest. 

Granite, 

22,250 

12,420 

Marble, 

20,000 

7,610 

Limestone, 

25,000 

6,650 

Sandstone, 

17,700 

4,350 

(35)  (a)  and  (b)  See  Art.  14. 

(36)  (a)  See  Arts.  180  and  187. 
(b)  See  Art.  188. 

(37)  (<s!)  and  (b)  See  Art.  IIO. 

(38)  (a)  and  (b)  See  Art.  03. 

(39)  See  Art.  118. 

(40)  (a)  See  Arts.  23,  24,  and  25. 
(b)  See  Art.  24. 
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(41)  (^?)  See  Art.  173. 

(d)  See  Art.  178, 

(43)  (a)  See  Art.  97. 

{d)  See  Art.  98. 

(43)  See  Art,  134. 

(44)  See  Art.  248. 

(45)  (^)  See  Art.  133. 

(b)  See  Art.  133. 

(46)  (rt’),  (b),  and  (r)  See  Art.  133- 

(47)  (a)  See  Art.  344. 

{b)  See  Art,  343. 

(48)  See  Art.  350. 

(49)  (a)  See  Art.  3. 

(b)  See  Arts.  3 and  4. 

(50)  See  Art.  350. 

(51)  (cz)  See  Arts.  194,  195,  also  353,  353. 
(b)  See  Art.  190. 

(52)  See  Art.  13. 

(53)  See  Art.  31,5. 

(54)  (a)  and  (b)  See  Art.  330. 

(55)  (a)  and  (b)  See  Art.  333. 

(56)  See  Art.  303. 

(57)  (a),  (b),  and  (c)  Sec  Art.  37, 

(z/)  See  Art.  38. 

(58)  (a)  See  Art.  1 33. 

(b)  See  Art.  134, 
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(59)  («)  and  {b)  See  Art.  8. 

(6U)  (a)  See  Art.  49. 

(b)  See  Art.  53. 

(01)  (a)  See  Art.  32. 

(b)  In  drove  work  the  lines  or  grooves  are  broken,  while 
in  tooled  work  they  are  eontinuous  across  the  surface. 

(c)  AVorm-eaten. 

(02)  (a)  See  Art.  212. 

(b)  See  Art.  213. 

(03)  (a)  See  Art.  113. 

(b)  See  Art.  114. 

(04)  (<7)  See  Art.  83. 

(b)  and  (c)  See  Art.  82. 

(05)  (a)  See  Art.  44. 

(b)  See  Art.  47. 

(00)  See  Art.  182. 

(07)  (a)  and  (b)  See  Art.  229. 

(68)  (rt)  See  Art.  210. 

(b)  See  Art.  212. 

(69)  (a)  vSee  Arts.  75  and  7G. 

(b)  See  Art.  74. 

(70)  (a)  and  (b)  See  Art.  227. 

(71)  («)  See  Art.  130. 

(b)  See  Art.  129. 

(72)  (a)  See  Art.  GO. 

(b)  See  Art.  G7. 

(73)  (a)  and  (b)  See  Art.  208. 
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(74)  {a)  and  (^)  See  Art.  G5. 

(75)  See  Art.  81. 

(70)  (a)  and  (l^)  See  Art.  207. 

(c)  See  Art.  200, 

(77)  (a)  See  Art.  257. 

(Z*)  See  Art.  258. 

(78)  {a)  and  (d)  See  Art.  221 


CARPENTRY. 

(QUESTIONS  1-80.  SEC.  9.) 


(1)  The  first  course  of  shingles  should  be  laid  at  the  eaves 
and  doubled.  See  Art.  15 *7. 

(2)  A partition  should  be  trussed  when  there  is  no  sup- 
port for  it  from  the  story  below,  or  when  it  is  pierced  by 
several  doors  or  other  openings,  likely  to  render  it  insuffi- 
cient to  carry  its  superimpo.sed  load.  See  Art.  127. 

(3)  Flashing  on  hips  is  applied  in  small  pieces  laid  with 
each  course  of  shingles,  while  flashing  in  the  valleys  of  a 
roof  is  in  the  form  of  a continuous  gutter  left  open  between 
the  slopes.  See  Arts.  li\2  and  1(>3, 

(i)  (<7)  A single  floor  consists  of  but  one  course,  or  layer, 

of  boards  nailed  directly  to  the  beams.  See  Art.  111. 

(/;)  A double  floor  consists  of  two  courses  of  floor  boards, 
the  first  being  laid  of  rough  material,  and  the  second  cour.se, 
called  the  finished  floor,  being  laid  of  better  stock  and  blind 
nailed  through  the  under  floor  to  each  beam. 

{c)  A single  floor  is  always  laid  at  right  angles  to  the 
beams.  A double  floor  is  usiially  laid  with  its  first  or  under 
course  at  an  angle  of  about  45°  with  the  beams,  and  its  upper 
or  finished  floor  at  right  angles  to  the  beams.  See  Arts. 
113  to  115. 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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(5)  (a)  The  water-table  is  a projectinj^  strip  around  the 

lowest  part  of  the  woodwork  of  the  building,  on  top  of  which 
the  clapboards  or  siding  finish. 

(^)  Its  purpose  is  to  receive  the  rain  water  that  runs 
down  the  side  of  the  house  and  throw  it  to  the  ground  clear 
of  the  foundation  wall.  See  Art.  1 8<S. 

(0)  For  first-class  work,  Georgia  pine ; for  ordinary  work, 
spruce;  for  cheap,  rough  framing,  hemlock.  See  Arts. 

4.‘>,  and  45. 

(7)  By  boring  a hole  lengthwise  through  the  column  to 
ventilate  the  interior. 

(8)  (<?)  Three. 

(/;)  Exogenous,  endogenous,  and  acrogenous. 

(r)  The  exogenous  trees.  See  Arts.  8 and  1). 

(9)  (a)  The  boards  should  be  laid  acro.ss  the  veranda 
from  the  house  line  to  the  edge,  and  with  a pitch  of  { inch 
to  the  foot  to  drain  the  water  off. 

(^)  The  joints  should  be  laid  in  white  lead.  See  Arts. 

li)2  and  11)3. 

(10)  When  they  are  more  than  three  feet  wide.  See 
Art.  !‘^9. 

('ll)  Because  in  cold  climates  the  heat  in  the  house  is 
likely  to  cause  the  snow  on  the  roof  to  melt  and  run  down  to 
the  eaves,  where,  relieved  from  the  influence  of  the  internal 
heat,  it  is  likely  to  freeze  and  form  a dam,  or  ledge,  of  ice, 
and  the  water  will  then  back  up  under  the  shingles  and  leak 
into  the  house.  See  Art.  IGO. 

(12)  Matched  flooring  consists  of  planks  which  have  been 
planed  to  a uni£(’>rm  thickness,  and  whose  edges  have  been 
tongned  and  grooved  to  make  a tight  joint.  See  Art.  111. 

(13)  A line  is  drawn  representing  the  vertical  axis  of  the 
tower,  and  to  any  given  scale  a section  of  a piece  of  siding 
is  drawn  at  a distance  from  this  axial  line  equal  to  the 
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external  radius  of  the  tower.  The  intersection  of  the  pro- 
long(id  inside  line  of  the  section  of  siding  with  the  axial 
line  of  the  tower,  will  then  give  the  center  from  which  the 
curve  may  be  drawn,  and  the  distance  ficm  this  center  to  the 
upper  and  lower  edges  of  the  section  of  siding  will  be  the 
radius  of  the  upper  and  lower  curves,  respectively.  See 
Art.  190. 

(14)  Cedar,  cypress,  and  chestnut. 

(15)  By  means  of  iron  dogs,  which  are  bars  with  turned- 
over  ends  laid  across  the  girder  so  that  the  turned  ends  fit 
into  and  tie  together  two  fioorbeams  abutting  on  opposite 
sides  of  the  girder.  See  Art.  221, 

(IG)  Duramen.  See  Art.  11. 

(17)  One  of  the  valley  rafters  is  carried  to  the  ridge  of 
the  main  roof  just  as  though  both  gables  were  of  the  same 
height,  and  the  other  valley  is  framed  to  the  first  one  at  the 
height  of  the  lower  ridge.  See  Art.  149. 

(18)  Small  windows  projecting  from  the  roof  of  a building. 
See  Art.  1(>7. 

(19)  (a)  Sixteen  inches. 

(^)  So  that  the  4-foot  lengths  of  lath  will  extend  over 
four  studs  and  get  a bearing  on  each  one  without  eutting  or 
extending  beyond.  See  Art.  1 1 (>. 

(20)  A chamfer  consists  of  the  surface  of  a cut  angle  or 
corner  on  a timber  where  such  corner  has  been  removed  for 
a portion  of  the  length  only,  and  the  timber  retains  its  orig- 
inal shape  for  some  distance  from  each  end.  See  Ait.  19(5. 

(21)  To  make  a tight  joint  and  keep  the  tops  of  the  adja- 
cent planks  flush.  See  Art.  231. 

(22)  Red  cedar,  redwood,  and  locust. 

(23)  The  lines,  radiating  from  the  center  of  the  tree 
toward  the  bark,  which  are  seen  in  eross-sections  of  several 
of  the  hard  woods.  See  Art.  15. 

8-12 


4 CARPENTRY.  § 9 

(24)  (a)  A gable  roof  is  one  where  the  pitch  falls  in  both 
directions  from  the  center  of  the  building. 

A gambrel  roof  is  one  with  a gable  whose  slopes  are 
broken  so  that  the  portion  finishing  at  the  eaves  is  steeper 
than  the  portion  starting  from  the  ridge.  See  Arts.  183 
and  140. 

(25)  (c?)  Centers  are  wood  templets  or  molds,  over  which 
the  voussoirs,  or  tapered  stones  of  an  arch,  are  placed  to 
hold  them  in  position  until  the  mortar  has  set. 

(I?)  They  are  constructed  usually  of  two  face  pieces  of 
1^-inch  plank,  which,  after  having  been  sawed  to  the  proper 
curvature,  are  spaced  the  required  distance  apart  and  covered 
over  with  a number  of  transverse  strips  called  lagging. 
See  Arts.  180  to  ^iOl. 

(2G)  The  sill  is  laid  on  the  foundation  one  inch  back  from 
the  outside  edge  of  the  wall,  and  is  bedded  in  a layer  of 
mortar  which  is  pointed  up  after  the  sill  is  laid  and  leveled. 
See  Art  171. 

(27)  {a)  When  a partition  runs  at  right  angles  to  the 
beams,  the  ends  of  the  stud  should  stand  on  a sill  laid  across 
and  spiked  to  the  beams,  unless  there  is  a supporting  parti- 
tion immediately  below,  when  the  ends  of  the  stud  should 
stand  on  the  cap  of  the  supporting  partition. 

(U)  When  a partition  runs  parallel  with  the  beams,  it 
should  stand  on  a beam  framed  in  especially  to  receive  it,  or 
should  rest  on  the  cap  of  the  partition  below,  if  such  a par- 
tition exists.  See  Arts.  117  and  120. 

(28)  (a)  A trimmer-arch  center  is  one  iised  over  which 
to  lay  the  bricks  of  a supporting  arch  for  a fireplace  hearth. 

(l>)  It  differs  from  the  centers  usually  placed  for  tem- 
plets for  arched  openings,  as  it  is  left  in  place  even  after  the 
arch  is  complete  and  set,  and  the  lath  and  plaster  of  the  ceil- 
ing below  are  secured  to  it.  See  Art.  202. 


(29)  Georgia  pine. 
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(30)  (a)  A hip  roof  is  one  without  gables  where  all  foiir 
sides  slope  back  at  a uniform  pitch  from  the  eaves  to  an  apex 
or  ridge  at  the  center. 

(d)  A Mansard  roof  is  one  where  the  sides  pitch  back  in 
a broken  slope,  the  portion  at  the  eaves  being  nearly  verti- 
cal, while  the  slope  from  the  apex  or  ridge  is  nearly  flat. 
See  Arts.  135  and  141. 

(31)  Georgia  pine  or  spruce  plank  3 inches  thick  and  not 

more  than  0 inches  wide  is  best  suited  for  the  under  floor  in 
.slow-burning  construction,  while  maple  or  hard  pine 

is  suitable  for  the  finished  floor.  See  Arts.  ^il8  and 

(32)  At  the  season  when  the  sap  has  ceased  to  circulate, 
which  in  temperate  climates  is  midsummer  and  midwinter, 
and  in  tropical  climates,  the  dry  .season.  See  Art.  11. 

(33)  A pendentive  is  the  spherical  triangle  which  brings 
the  curved  plan  of  a dome  down  to  the  angular  corner  or 
pier  which  supports  it  over  the  intersection  of  two  passages. 
See  Art.  313. 

(34)  One-third.  See  Art.  1 6, 

(35)  In  order  that  the  shrinkage  may  be  equal  and  the 
settlement  of  the  house  uniform.  See  Art.  131. 

(36)  When  the  angle  of  the  room  corresponds  with  an 
exterior  angle  of  the  building,  the  lath  is  secured  against  the 
corner  stud  for  one  wall,  and  against  a nailing  strip  spiked  to 
the  comer  stud  for  the  other  wall.  When  the  angle  of  the 
room  is  against  a straight  exterior  wall,  the  first  stud  of  the 
interior  partition  is  spiked  to  a 1-inch  plank  which  is  2 inches 
wider  than  the  stud  and  projects  1 inch  beyond  each  side. 
The  lath  on  the  exterior  wall  are  then  secured  to  the  pro- 
jection of  1-inch  plank  and  the  lath  on  the  interior  wall  are 
secured  to  the  stud  itself.  See  Arts.  118,  119,  and  133. 

(37)  {a)  A dome  is  the  term  applied  to  the  roof  of  a build- 
ing which  is  carried  up  either  wholly  or  in  part,  in  the  form 
of  a hemisphere  or  semiellipsoid. 

(I?)  A dome  is  framed  with  rafters  sawed  to  the  required 
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curve,  and  framed  between  two  circular  members,  called  the 
sill  and  the  plate,  the  former  of  which  is  equal  to  the  plan 
of  the  base  of  the  dome,  and  the  latter  to  the  plan  of  the 
opening  or  eye  at  the  top. 

{c)  A dome  may  be  covered  with  horizontal  courses  of 
planking,  sawed  to  the  required  curve,  and  secured  to  the 
rafters;  or  it  may  be  enclosed  with  vertical  strips  of  plank, 
which  are  worked  to  a curved  taper  from  their  widest  part 
at  the  base  of  the  dome,  to  a pointed  edge  at  the  center  of 
the  top.  These  are  secured  to  curved  puriins  framed  in 
between  the  rafters  at  sufficient  interv'als  to  preserve  the 
outline  of  the  dome.  See  Arts.  203  to  20(5. 

(38)  It  is  a wood  of  tlie  evergreen  class,  often  sub- 
stituted for  Georgia  pine  in  inferior  work. 

(/;)  No.  See  Art.  42. 

(39)  Of  2-inch  tongued-and-grooved  plank  laid  vertically 
from  floor  to  ceiling,  wliich  may  be  plastered  over  with  wire 
lath  on  one  side  or  lined  with  X3"  matched  boards  of  oak 
or  Georgia  pine.  See  Art.  2^|p. 

(40)  From  50  to  100  years.  See  Art.  18. 

(41)  A groined  ceiling  is  one  formed  oyer  the  intersection 
of  two  arched  divisions  or  passages  in  a building.  See 

Art.  201). 

(42)  The  interties  are  mortised  into  the  corner  posts  so 
that  the  ones  which  run  parallel  to  the  floorbeams  have  their 
tops  level  with  the  tops  of  the  floorbeams,  and  the  ones 
which  run  at  right  angles  with  the  floorbeams  have  their 
tops  level  with  the  bottom  of  the  floorbeams  which  rest  on 
them.  See  Art.  78. 

(43)  To  brace  the  structure  on  which  it  is  laid.  See 

Art.  180. 

(44)  On  a ledger  board  or  girth  let  into  the  studs  at  such 
a height  that  the  beams  may  be  notched  over  it  and  spiked 
to  each  stud.  See  Art.  174. 
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(45)  For  the  construction  of  mills  and  factories,  to  obvi- 
ate the  difficulties  met  in  the  prevention  or  quenching  of 
fires,  so  prevalent  in  structures  of  the  braced-frame  or  bal- 
loon-frame construction.  See  Arts.  "ZIlI  and  Jil8, 

(46)  (a)  Spruce. 

(^)  Because  it  preserves  well  under  water  and  resists  the 
action  of  parasitic  Crustacea  longer  than  any  other  similar 
wood.  See  Art.  43. 

(47)  In  braced-frame  construction,  each  piece  of  the 
framework  is  carefully  fitted  and  fastened  to  every  other 
piece  it  comes  in  contact  with,  thus  rendering  the  whole 
skeleton  stiff  and  secure  in  itself,  while  in  balloon-frame 
construction,  the  timbers  and  scantlings  are  simply  nailed 
together  lightly  to  hold  them  in  place  until  the  sheathing  is 
applied  to  brace  the  structure  and  make  it  secure.  See 
Art.  72. 

(48)  They  are  provided  with  an  air  space  around  the  ends 
in  the  wall  by  keeping  the  brickwork  half  an  inch  away  from 
the  beam  or  by  using  the  Goetz-Mitchell  or  other  suitable 
wall  anchor.  See  Art.  226. 

(49)  They  are  the  circular  cracks  seen  in  the  end  sections 
of  timber  due  to  the  separation  of  the  fibers,  from  exposi:re  to 
violent  wind  storms  while  the  timber  was  standing.  See 
Art.  22. 

(50)  It  is  timber  obtained  from  logs  which  have  first  been 
sawed  in  quarters,  and  each  quarter  then  sawed  into  planks 
or  scantling,  as  nearly  as  possible  at  right  angles  to  the 
annual  rings.  See  Art.  36. 

(51)  (r?)  The  square  is  set  upon  the  rafter  in  such  a posi- 
tion that  the  rise  in  inches  is  shown  on  the  tongue,  and  the 
run  in  inches  is  indicated  on  the  blade,  both  being  on  the 
same  edge  of  the  rafter.  The  tongue  then  marks  the  angle 
of  the  plumb-cut  and  the  blade  shows  the  bevel  of  the  foot- 
cut,  while  the  distance  between  the  points  where  the  tongue 
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and  blade  each  cross  the  edge  of  the  rafter  will  be  the 
length  of  the  rafter. 

(b)  The  use  of  the  fence  obviates  the  necessity  of  a 
bevel  in  laying  otit  the  rafter  cuts,  or  risers  and  treads  of  a 
stair  string,  etc.,  as  by  clamping  it  across  the  square  from 
the  tongue  to  the  blade,  these  two  elements  of  the  square 
may  be  readily  placed  in  their  exact  positions  to  mark  the 
desired  cuts.  See  Arts.  153  and  154, 

(52)  In  one  method  the  studs  are  spaced  regularly  every 
16  inches  throughout  the  building  and  the  openings  are  then 
cut  out  and  framed  with  extra  pieces,  while  in  another 
method  the  openings  are  framed  first  with  a double  stud  at 
each  side  and  the  single  studs  are  then  framed  in  16  inches 
apart  between  these  openings.  See  Art.  179. 

(53)  (a)  No. 

(/;)  Because  it  is  very  brittle,  splits  easily,  is  very  likely 
to  be  shaky,  and  is  not  durable.  vSce  Art.  45. 

(54)  A fish  joint  is  one  where  the  two  pieces  of  scantling 
to  be  joined  are  butted  together,  end  to  end,  and  secured  in 
place  by  means  of  a board  spiked  to  each  side  of  the  timbers 
over  the  joint.  See  Art.  87. 

(55)  Parasitic  plants  which  derive  their  nutriment  from 
some  other  plant  or  from  cut  timber,  and  thereby  reduce  its 
vitality.  See  Art.  27. 

(56)  Becai:se  they  give  ventilation  to  the  under  side  of 
the  shingles  and  prevent  the  accumulation  of  moisture.  See 

Art.  157. 

(57)  It  should  be  piled  in  high  and  dry  locations,  kept 
well  up  from  the  ground  on  staging,  with  narrow  strips 
placed  between  the  layers  to  permit  a free  circulation  of  air. 

See  Arts.  38  and  37. 

(58)  So  that  when  it  sags  in  the  center  from  any  cause,  it 
will  not  disturb  the  brickwork  in  the  wall  above  it,  even  if 
it  falls  otit  of  the  wall  entirely.  See  Art.  33G. 
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(59)  The  butt  joint.  See  Art.  T 5. 

(GO)  A mortise  joint  is  one  where  the  two  pieces  of  timber 
are  joined  together  and  maintained  in  position  by  means  of 
a tenon  or  tongue,  projecting  from  one  piece  into  a mortise 
or  socket,  which  is  cut  out  of  the  other.  The  mortise  is 
usually  cut  out  of  the  center  of  the  timber,  and  is  equal  in 
width  to  I the  width  of  the  timber.  The  tenon  is  cut  to  fit 
the  mortise  exactly  and  is  also  in  the  center  of  the  timber. 
When  the  two  pieces  are  of  different  thicknesses,  the  joint  is 
usually  framed  so  as  to  bring  one  face  of  each  timber  flush 
with  the  other.  See  Art.  T(>. 

(Gl)  One  consists  of  a large  number  of  small  timbers,  such 
as  studs,  braces,  beams,  bridging,  etc.,  and  the  other^ — the 
slow-burning  system — consists  of  a small  number  of  large 
timbers,  such  as  columns  and  beams,  without  studs,  braces, 
or  bridging  between.  See  Arts.  217  and  218. 

(62)  They  are  notched  on  their  under  sides  to  fit  over  the 
sill  or  the  girth,  and  any  irregularity  in  depth  is  removed 
when  the  notch  is  cut  so  that  all  the  beams  are  the  same 
depth  from  the  top  to  the  bearing  surface.  See  Art.  108. 

(G3)  To  . make  the  thrust  against  each  side  of  the  rafter 
equal  and  thereby  prevent  it  from  bulging  out  of  line.  See 

Art.  181. 

(64)  (a)  They  represent  the  sizes  of  the  finished  openings. 

(^)  To  these  dimensions  there  must  be  added  5 inches  in 

height  and  7 inches  in  width  for  windows  with  weight  boxes, 
or,  if  without  weights,  an  allowance  of  3 inches  in  width  will 
be  sufficient.  In  doors  an  allowance  of  5 inches  in  width 
and  3 inches  in  hflght  should  be  made.  See  Art.  130. 

(65)  (a)  Flashing  is  a term  given  to  all  sheet-metal  work 
used  in  connection  with  roof  covering  to  insure  a water-tight 
condition  at  joints  and  angles. 

(^)  It  is  required  on  hips  and  valleys,  ridges  and  eaves, 
around  scuttles,  skylights,  gables,  flanks  of  dormer-windows, 
etc.  See  Art.  IGl. 
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(66)  («)  Pieces  of  old  bricks  used  for  filling  in  partitions. 

(^)  When  it  is  desired  to  close  the  passageway  between 

the  studs  of  the  outside  walls,  to  prevent  drafts  and  the  con- 
sequent rapid  spread  of  fiames.  See  Art.  184. 

(67)  They  are  nailing  strips  equal  to  the  plaster  in  thick- 
ness placed  against  the  studs  at  various  heights  to  receive 
the  trim  or  other  interior  finish  and  also  form  a stop  for  the 
plaster.  See  Arts.  133  and  185. 

(68)  The  system  of  slow-burning  construction  provides  a 
structure  where  the  individual  members,  such  as  beams, 
girders,  etc.,  are  few  in  number,  but  so  large  in  size  that 
they  would  retain  sufficient  strength  to  carry  the  load  imposed 
upon  them  even  after  they  have  been  burned  through.  See 
Arts.  318  and  319. 

(69)  White  cedar.  See  Art.  4G. 

(70)  To  insulate  them  from  the  heat  which  they  would 
otherwise  absorb  and  likely  become  so  hot  as  to  bend  and 
throw  the  walls  or  columns  out  of  plumb.  See  Art.  339. 

(71)  (a)  They  are  rifts  or  cracks  which  radiate  from  the 
center  of  the  log. 

(^)  Caused  by  shrinkage  of  the  ti.mber  incidental  to  loss 
of  vitality.  See- Art.  31. 

(72)  One  square  inch  of  leader  section  to  75  square  feet 
of  roof  area.  See  Art.  100. 

(73)  (a)  Beveled  siding  consists  of  sawed  and  planed 
boards  in  commercial  lengths  of  about  16  feet  and  widths  of 
from  4 inches  to  6 inches,  while  the  thickness  is  f inch  at  the 
lower  edge  and  bevels  back  to  f inch  at  the  upper  edge. 
Novelty  siding  has  a uniform  thickness  of  about  | inch, 
except  where  it  is  rabbeted  at  the  ^bottom  to  receive  the 
chamfered  edge  of  the  next  board  below  it,  and  where  it  is 
chamfered  to  fit  the  rabbet  of  the  next  board  above  it. 

(<5»)  Beveled  siding  is  the  better.  See  Art.  187. 
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(74)  Furring  strips  are  small  pieces  of  timber,  1 in.x2  in. 
in  section,  which  are  nailed  to  the  under  side  of  floorbeams 
to  bring  them  to  an  even  alinement.  Furring  strips  are  also 
used  to  isolate  the  plastering  from  the  surface  of  a wall,  thus 
forming  an  air  space.  See  Art. 

(75)  To  m.ake  a building  strong  enough  to  stand  any  ordi- 
nary stress  even  after  its  timbers  are  partly  burned;  to  make 
the  floor  sufficiently  water-tight  that  when  a fire  gets  started 
in  one  story  the  water  poured  in  to  quench  it  will  not  run 
through  and  ruin  goods  on  the  floor  below;  to  avoid  any  cor- 
ners or  pockets  where  fire  could  get  started  without  being 
immediately  discovered;  and,  above  all,  to  provide  a building 
where  every  part  is  easily  accessible  and  the  fire  could  be 
attacked  at  close  quarters,  and  extinguished,  without  flood- 
ing the  entire  structure.  See  Art.  219. 

(7G)  Cypress  and  white  cedar.  See  Arts.  46  and  48. 

(77)  {a)  The  short  beam  framed  into  and  supported  by 
two  trimmer  beams. 

(1))  Two  heavy  beams  spaced  one  each  side  of  a floor 
opening  to  receive  the  header  on  which  the  tail-beams  rest. 

(c)  Those  beams  in  a floor  system,  one  or  both  of  whose 
ends  rest  upon  a header  which  transmits  their  loads  to  other 
beams,  called  trimmers,  which  are  made  especially  heavy  to 
support  them. 

(d)  With  mortise-and-tenon  joints  or  occasionally  with 
stirrup  irons.  See  Arts.  19,  80,  and  110. 

(78)  The  disintegration  of  the  fibers,  due  to  the  attack  of 
parasitic  plants.  See  Art.  31. 

(79)  Over  stiffened  wire  lath  laid  directly  against  the 
woodwork  of  the  partition.  See  Art.  333. 

(80)  (a)  They  are  small  roof  beams,  used  when  the  main 
roof  is  supported  by  trusses,  or  heavy  and  widely  spaced 
rafters,  in  order  to  provide  members  to  which  the  roofing 
may  be  secured. 
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(d)  Draw  a plan  of  the  purlin  in  its  actual  position  on 
the  roof  and  intersect  the  end  of  it  with  a diagonal  line  at 
the  angle  of  the  hip  or  valley  rafter.  From  the  first  point  of 
intersection  of  this  valley-rafter  line,  draw  a line  across  the 
plan  of  the  purlin  at  right  angles  to  its  sides,  and  measure 
the  distance  from  this  last  line  to  the  points  wher-e  the  valley 
rafter  intersects  the  corners  of  the  purlin.  Now,  if  these 
last  distances  are  laid  off  successively  on  three  adjacent  cor- 
ners of  the  purlin  itself,  and  the  latter  is  sawed  to  a lice 
connecting  them,  the.  cut  will  be  the  miter  required.  See 
Art.  150. 


JOINERY. 

(QUESTIONS  1-5:5.  SEC.  10.) 

(1)  See  Art.  *r,i. 

(2)  See  Art.  1)(>. 

(3)  See  Art.  8(>. 

(4)  See  Art.  7(>. 

(5)  Sec  Art.  (>5. 

(G)  See  Art.  47. 

(7)  See  Arts.  and 

(8)  See  Art. 

(9)  See  Art.  7. 

- (10)  See  Art.  95. 

(11)  See  Art.  93. 

(12)  (a)  See  Art.  85. 

(/;)  The  method  of  bendiii)f  and  gluing  together  several 
layers.  See  Art.  89. 

J^(13)  See  Art.  75. 

(14)  See  Art.  0‘.i. 

(15)  Those  hinged  at  the  sides,  hung  in  pairs,  and  closing 
in  the  center.  See  Art.  (>3. 


(16)  Sefi  Art.  44. 
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(17) 

(a)  See  Art.  22. 
(<(')  See  Art.  21. 

(18) 

See  Arts.  1 10  and  111. 

(19) 

See  Art.  02. 

(•10) 

See  Art.  72. 

(•11) 

See  Art.  (>2. 

(11) 

50  square  feet.  See  Art. 

(13) 

See  Art.  4.2. 

(14) 

See  Art.  18. 

(13) 

See  Art.  12. 

(IG) 

See  Art.  105. 

(17) 

vSee  Art.  01. 

■ 

(IS) 

The  method  to  be  employed  is  sindlar 

described  in  Arts,  71  and  72. 

(•19) 

See  Art.  02. 

(30) 

See  Art.  .13. 

(31) 

See  Art.  42. 

(31) 

vSee  Art.  28. 

(33) 

vSee  Art.  1 . 

(34) 

For  the  fronts  of  drawers.  .See  Art. 

1.2. 

(35) 

See  Art.  0 1 . 

</(3G) 

The  method  is  clearly  outlined  in  Art, 

81 

(37) 

See  Art.  70. 

(38) 

See  Art.  00. 

(39) 

See  Art.  52. 

(40) 

See  Art.  20. 

(31) 

See  Art.  2. 

(41) 

See  Art  1 4. 

(43) 

See  Art.  00. 
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(44)  By  the  rule  given  in  Art.  J)0,  the  thickness  is 
.05  X radius  of  curvature  of  bend.  In  this  case  the  radius 


is  15  X I = feet. 


Hence,  thickness  == 

= I in.  Ans. 

Z' (45)  The  method  is  shown  in  Art.  78. 
A~  (4(!)  See  Art.  (>(>. 

(47)  See  Art.  57. 

(48)  See  Art.  51 . 

(49)  See  Art. 

(50)  vSee  Art. 

(51)  See  Art.  5. 

(52)  See  Art.  84. 

(53)  See  Art.  114. 


7|  X .05  = .375  in. 


STAIR  BUILDING. 

(QUESTIONS  1-35.  SEC.  11.) 


(1) 

{a) 

See 

Art.  2(y. 

{b) 

See 

Art.  28. 

(2) 

{a) 

and 

(/;)  See  Art. 

3. 

(:D 

(b), 

and  (c)  See 

Art.  19. 

(4) 

{a) 

and 

(/;)  See  Art. 

3. 

(5) 

(^) 

and 

(b)  See  Art. 

15. 

(^) 

(«) 

See 

Art.  48. 

(b) 

See 

Art.  ,51. 

(7) 

{a) 

and 

(b)  See  Art. 

9. 

(«) 

{a) 

and 

(b)  See  Art. 

17. 

(9) 

(a) 

See 

Art.  11. 

(b) 

See 

Art.  12. 

(10) 

See  Art.  3. 

(11) 

(«) 

See 

Art.  7. 

{b)  By  rule  I,  the  width  of  tread  is  GO -i- 7 = Of  inches; 
by  rule  II,  the  width  of  tread  is  7 -j- o = 12,  and  5x2 
10  inches. 
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(12)  See  Art.  48,  Fig.  37. 

(13)  From  G to  7 inehes. 

(14)  See  Art.  OO. 

(15)  vSee  Art.  IG. 

(IG)  Distance  /;r  = 24  — 9 = 15  in. ; height  rr  = 

11  in.  =:  G|  in.,  which  should  be  the  distance  scaled 


diagram. 

(17) 

See  Art.  44. 

(18) 

(a)  and  {/>)  See  Art. 

«1. 

(19) 

{a)  and  (/;)  See  Art. 

r>. 

(20) 

vSee  Art.  14. 

(21) 

(<?)  and  {/?)  See  Art. 

19. 

(22) 

{a)  and  (/;)  See  Art. 

r*. 

(23) 

See  Art.  1 0. 

(24) 

(<'?)  See  Art.  1). 

(/;)  See  Fig.  4. 

(25) 

(<?)  and  {/f)  See  Art. 

18. 

(2G) 

See  Art.  2. 

(27) 

(rt’)  and  {1’)  See  Art. 

8. 

(28) 

{a)  and  {/>)  vSee  Art. 

4. 

(29) 

See  Art.  24. 

(30) 

See  Art.  8. 

(31) 

See  Art.  ,82,  Fig.  2 

3 (./) 

(32) 

(a)  and  (<5>)  See  Art. 

4. 

of 

on 
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(33)  (rt:)  and  {b)  See  Art.  1, 

(34)  (rt)  and  {b)  See  Art.  20. 
{c)  See  Art.  22. 

(35)  See  Art.  39,  Fig.  30. 
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ORNAMENTAL  IRONWORK. 

(QUESTIONS  1-41.  SEC.  13.) 


(1) 

(2) 

(3) 

W 

(5) 

(«) 

(7) 

(8) 
(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 
(IG) 

(17) 

(18) 


See  Art.  7 5. 

See  Art.  44. 

See  Art.  1. 

See  Art.  20. 

See  Art.  58. 

See  Arts.  <>  and  7* 

See  Art.  18. 

See  Art.  01. 

See  Art.  3. 

See  Art.  37. 

See  Art.  72. 

See  Art.  0. 

See  Arts.  30  and  31. 
See  Art.  10. 

See  Art.  1. 

See  Art.  28. 

See  Art.  1. 

See  Art.  4. 
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(19) 

See 

Art. 

37. 

(20) 

See 

Art. 

4. 

(21) 

See 

Art. 

2. 

(22) 

See 

Art. 

22. 

(23) 

See 

Art. 

Gl. 

(24) 

See 

Art. 

9. 

(25) 

vSee 

Art. 

29. 

(26) 

See 

Arts. 

09  and  70, 

(27) 

See 

Art. 

4. 

(28) 

See 

Art. 

34. 

(29) 

vSee 

Art. 

75. 

(30) 

See 

Art. 

4. 

(31) 

See 

Art. 

23. 

(32) 

See 

Art. 

61. 

(33) 

See 

Art. 

8. 

(34) 

See 

Art. 

29. 

(35) 

See 

Art. 

62. 

(36) 

See 

Art. 

5. 

(37) 

See 

Art. 

58. 

(38) 

vSee 

Art. 

61. 

(39) 

See 

Art. 

4. 

(40) 

vSee 

Art. 

23. 

(41) 

See 

Art. 

35, 

ROOFING. 

(QUESTIONS  l-5a.  SEC.  13.) 


0)  See  Arts.  144  and  145. 

(2)  See  Art.  25. 

(3)  See  Art.  147. 

(4)  See  Art.  42. 

(5)  See  Art.  1 30. 

(G)  Solder  is  an  alloy  of  two  or  more  metals,  which  melts 
at  a comparatively  low  temperature.  It  is  used  to  make  a 
metallic  connection  between  two  metal  sheets  or  plates. 

(7)  The  gutter  flashing  .should  be  of  iG-ounce  copper. 
vSee  Art.  1,32. 

(8)  See  Fig.  51,  Art.  01. 

(0)  Because  of  their  cheapness  and  lightness.  See 
Art.  80. 

(10)  Rolls  when  laid  with  the  pitch,  and  drips  when  laid 
at  right  angles  to  the  pitch.  See  Art.  lOO. 

(11)  The  length  of  the  nail  should  be  slightly  less  than 
the  combined  thicknesses  of  the  roofing  material  and  roof 
boards,  so  that  it  will  not  protrude  below  the  lower  surface 
of  the  sheathing. 

(12)  The  thickness  varies  from  I to  | inch,  the  common 
average  being  inch.  See  Art.  114. 
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(13)  (a)  See  Art.  14. 

(^)  See  Art.  14. 

(14)  The  first  course.  See  Art.  130. 

(15)  See  Art.  18. 

(IG)  See  Art.  01. 

(17)  See  Art.  117. 

(18)  See  Arts.  88  to  91. 

(19)  See  Art.  104. 

(20)  See  Art.  9. 

(21)  Sec  Art.  90. 

(22)  (a)  Six. 

(^)  In  exposed  locations.  See  Art.  57. 

(23)  See  Art.  1.‘5.‘5. 

(24)  See  Art.  .‘>0. 

(25)  See  Art.  48. 

(2G)  See  Arts.  33  to  34. 

(27)  See  Art.  73. 

(28)  vSee  Art.  1 1 . 

(29)  Sec  Fig.  12  (r),  Art.  9. 

(30)  See  Art.  51. 

(31)  See  Art.  4. 

(32)  vSee  Art.  45. 

(33)  See  Art.  74. 

(34)  Iron  coated  with  zinc.  Sec  Art.  85. 

(35)  Clips  should  not  be  more  than  20  inches  apart.  See 

Art.  100. 

(3G)  See  Art.  115. 

(37)  The  solder  will  flow  more  readily  than  on  copper. 
See  Art.  75. 
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(38)  One  inch  per  foot.  See  Art.  99. 

(39)  See  Art.  .‘57, 

(40)  SeeArt.  1J28. 

(41)  Sec  Art.  31. 

(42)  See  Art.  03. 

(43)  For  the  sake  of  economy  in  time  and  labor.  See 
Art.  78. 

(44)  See  Art.  80. 

(45)  See  Art.  98. 

(4G)  See  Art.  107. 

(47)  See  Art.  113. 

(48)  Because  of  the  danger  of  galvanic  action.  See  Art. 
107. 

(49)  See  Art.  119. 

(50)  See  Art.  50. 

(51)  Muriatic  acid.  See  Art.  109. 

- (52)  ^ inch  per  foot.  See  Art.  103. 


SHEET-METAL  WORK. 

(QUESTIONS  1-60.  SEC.  14.) 


(1)  See  Art.  10  and  Fig.  6. 

(2)  See  Art.  1(>  and  Fig.  8. 

(3)  See  Art.  20, 

(4)  See  Art.  38. 

(5)  See  Art.  35. 

(G)  (a)  vSee  Art.  43  and  Fig.  29, 

(d)  See  Art.  43  and  Fig.  30. 

(7)  See  Art.  58.  Allow  1 square  inch  sectional  area  of 
leader  for  each  75  square  feet  roof  area;  hence,  the  number 
of  pipes  is 

100X100  . . 

(8)  See  Art.  (>5. 

(9)  vSee  Art.  75. 

(10)  See  Arts.  3 and  4. 

(11)  See  Art.  13. 

(12)  See  end  of  Art  16. 

(13)  See  Art.  3 1 . 

(14)  See  Art.  30.  The  metal  work  should  be  nailed 
across  the  grain  of  the  wood,  not  with  it. 
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(15)  See  Arts.  3(J  and  37. 

(IG)  See  Arts.  43  and  44. 

(17)  See  Art.  5i). 

(18)  See  Art.  08. 

(19)  (a)  See  Arts.  77  and  78. 

(I?)  See  “Cold  Rolled  Copper,”  Art.  79. 

(^r)  See  Art.  78. 

(20)  See  Art.  5. 

(21)  See  Art.  12. 

(22)  See  Art.  1 8. 

(23)  See  Art.  22  and  Fig.  14. 

(24)  See  Art.  3 1 . 

(25)  See  Art.  38. 

(2G)  See  Arts.  45  and  40. 

(27)  See  Art.  01. 

(28)  See  Art.  <>9  and  Fig.  55. 

(29)  (a)  See  Arts.  79  and  80. 

(^)  and  (c)  See  Art.  81. 

(30)  See  Art.  0. 

(31)  See  Arts.  14  and  15. 

(32)  See  Art.  18. 

(33)  See  Art.  24. 

(34)  See  Art.  32. 

(35)  See  Art.  39. 

(3G)  See  Arts.  48  and  49,  also  Figs.  37  and  39. 

(37)  See  Art.  02. 

(38)  See  Arts.  71  and  72. 

(39)  See  Art.  82. 

(40)  See  Art.  7. 
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(41)  Sec  end  of  Art.  14. 

(42)  See  Art.  11). 

(43)  See  Art.  2(>. 

(44)  See  Art.  .‘5J5. 

(45)  See  Art.  40. 

(40)  See  Arts.  5 1 and  53. 

(47)  See  Art. 

(48)  See  Art. 

(49)  With  an  elastic  oil  cement.  They  should  be  pointed 
only  when  stones  are  thoroughly  dry  and  warm.  See  Arts. 
48  and  41). 

(50)  See  Art.  8 and  Fig.  4. 

(51)  See  Art.  10. 

(52)  See  “Cup  Joints,”  Art.  30. 

(53)  See  Art.  27. 

(54)  See  Art.  015. 

(55)  Sec  Art.  41. 

(56)  (a)  See  Arts.  54  and  55. 

(if)  See  Art.  50. 

(57)  See  Art.  04. 

(58)  See  Art.  74. 

(59)  See  Art.  79. 

(60)  See  Art.  9 and  Fig.  5. 


Electric-Light  Wiring  and 
Bellwork. 

(QUESTIONS  1-56.  SEC.  15.) 

(1)  See  Art.  5. 

(2)  See  Art.  14, 

(;5)  The  multiple-arc,  or  parallel,  system,  the  multiple- 
sei'ies  system,  and  the  three-wire  system. 

(4)  The  ampere,  the  volt,  and  the  ohm. 

(5)  See  Art.  T<>. 

(G)  A steady  current  is  maintained  through  the  magnet 
coils  of  a vibrating  bell,  which,  when  interrupted,  allows  the 
bell  to  ring  from  an  open-circuit  battery. 

(7)  The  number  of  lamps  TV  is  30;  the  distance  F is 
100  feet;  the  drop  in  potential  E is  1.25  volts.  By  formula  5, 
the  resistance  per  foot  of  the  wire 

1 25 

‘ .no  = .000417  ohm  per  foot,  or  .417  ohm  per 
^ 30X100  ^ ^ 

1,000  feet. 

This  corresponds  to  No.  G B.  & S.  gauge.  The  current 
taken  is  .5x30  = 15  amperes,  which  is  safe;  see  Table  1. 

Ans. 

(8)  See  Art.  3, 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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(9)  The  resistance  per  1,000  feet  is  the  given  resistance 
divided  by  = 3.54. 

2.917 


3.54 


= .824  ohm. 


By  reference  to  Table  1,  the  size  of  wire  corresponding 
to  this  resistance  is  No.  9.  Ans. 

(10)  See  Art. 

(11)  See  Art.  1. 


(12)  6|in.  = 6.375  in. 

circular  mils.  Ans. 


6,375  mils.  6,375"  = 40,640,625 


(13)  3 lamps  of  50  c.  p.  = 9 of  16  c.  p. 

8 lamps  of  32  c.  p.  = 1 6 of  16  c.  p. 

32  lamps  of  16  c.  p.  =32  of  16  c.  p. 

Total  =57  lamps  = N. 

The  drop  in  potential  A is  5 volts,  and  the  distance  Ais  340 
feet.  Then,  by  formula  5,  Art.  (Jl,  the  resistance  per  foot 
of  the  feeder  will  be 

5 5 


Rf  = 


= .000258  ohm  per  foot  = .258 


57X340  19,380 

ohm  per  1,000  feet. 

This  corresponds  to  No.  4 B.  & S.  wire;  see  Table  1. 

Ans. 

(14)  See  Art. 

(15)  AVhen  it  is  required  to  ring  a bell  continuously  after 
the  pvish  button  is  pressed. 

(16)  See  Art.  103. 

(17)  {a)  The  initial  voltage  is  first  determined.  By 

formula  10,  Art.  TO,  V'  = ,^^**^*^^^**  _ 115.79  volts.  By 

9o 

formula  11,  the  drop  in  potential  A = 115.79  — 110  = 5.79 
volts.  The  current  A is  13.5  amperes.  By  Ohm’s  law,  resist- 

A 5.79 


ance  of  the  two  conductors  = A = 


C 13.5 


.43  ohm. 
Ans. 
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(If)  The  resistance  per  foot  = = .00007  ohm. 

‘Z  X O/vO  . 

Ans. 

(18)  They  may  be  used  for  a few  lamps,  such  as  those  on 
an  electrolier,  or  the  lights  in  a small  room. 

(19)  See  Art.  4T. 

(20)  The  number  of  lamps  TV  is  05;  the  distance  7^  is  540 
feet;  the  drop  A is  4.5  volts.  Since  the  voltage  of  the 
lamps  is  110,  and  they  are  of  10  c.  p.,  the  resistance  per  foot 
of  the  conductor  is,  by  formula  5,  Art.  <>1, 

4 5 

Tv,  = - I ' , ■ = .000128  ohm  per  foot  = .128  ohm  per 

^ 05X540  ^ ^ 

1,000  feet. 

From  the  wire  table,  we  find  this  to  correspond  with 
No.  1 B.  & S.  Ans. 

(21)  The  weight  of  copper  required  is  only  | of  that 
necessary  for  the  two- wire  system. 

(22)  See  Fig.  5(5,  Art.  T7. 

(23)  A battery  of  about  six  cells  in  series  with  a grounded 
spark  coil. 

(24)  The  resistance  per  1,000  feet  of  No.  0 wire  is,  by 

Table  1,  .411  ohm;  or,  per  foot,  000411  ohm  = The 

four  32  c.  p.  lamps  = eight  10  c.  p.  lamps,  and  the  total 
number  A”"  is  45  -f-  8 = 53.  The  distance  T^from  the  dynamo 
= 105  feet.  Then,  by  formula  8,  the  drop  is 

E — .000411x53x105  = 3.59  volts.  Ans. 

(25)  See  Art.  44. 

(20)  See  Arts.  49,  54,  .5G. 

(27)  The  current  required  for  the  lamps  is  30  amperes, 
since  each  32  c.  p.  lamp  takes  1 ampere.  By  reference  to 
Table  1,  it  will  be  seen  that  No.  8 wire  is  not  allowed  to 
carry  a larger  current  than  25  amperes,  and  it  will  therefore 
be  too  small,  and  must  not  be  used.  Ans. 

(28)  The  location  of  each  box  should  be  so  chosen  that  the 
different  circuits  may  all  have  a uniform  fall  of  potential. 
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(29)  See  Art.  78. 

(30)  (a)  No.  18  B.  & S.  g'atige.  (/;)  No.  14  or  IG  B.  & S. 

(31)  The  circuit  through  any  one  lamp  has  a length  of 
IGG  feet,  and  the  single  distance  A is  — 83  feet;  the 
number  of  lamps  W is  32.  In  finding  the  actual  drop  in 
volts,  we  make  use  of  formula  10 : 


F'  = 


100  X no 

98^5 


111.7  volts. 


Then,  by  formula  11,  the  drop  is  R = 111.7  — 110 
= 1.7  volts.  The  resistance  per  foot  of  the  conductor  will 
be,  by  formula  i>, 

1.7 

— — — =:  .00f)G4  ohm  per  foot  = .G4  ohm  per 

32  X 83 

1,000  feet. 

The  nearest  size  to  this  is  No.  8,  and  the  current  being 
IG  amperes,  this  wire  will  be  safe„  Ans. 

(32)  See  Art.  1 2. 

(33)  Glass  or  porcelain  insulating  tubes  must  be  secured 
in  the  wall,  and  the  wires  should  be  passed  through  them. 


(34) 


The  initial  voltage,  by  formula  1 <),  Art.  70,  is 


V 


190X55 

100-2.5 


5G.41  volts. 


The  drop  in  potential  is,  by  formula  11, 

A = 5G.41  — 55  = 1.41  volts. 


The  number  of  lamps  is  10  of  IG  c.  p.,  and  3 of  32  c.  p. 
= IG  lamps  of  IG  c.  p.  The  distance  A is  110  feet.  Then, 
by  formula  (>,  the  re.sistance  per  foot  is 
1.41 

Rf  — - — ; — = .0004  ohm  per  foot  = .4  ohm  per 

^ 2X1GX110  ^ ^ 

1,000  feet. 

This  corresponds  to  No.  G wire,  which  will  safely  carry 
the  current,  IG  amperes.  Ans. 

(35)  See  Art.  79. 
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(3(5)  The  circuit  may  include  a relay,  which  will  ring  an 
alarm  bell  when  the  system  is  short-circuited. 


(37)  The  number  of  lamps  N = 240;  the  distance  F is 
135  feet;  the  drop  li  is  2 volts.  By  formula  1),  the  area  of 
the  wire  is 


A = 


10.8X240X  135 
2 


174,900  circular  mils. 


This  size  lies  between  No.  000  and  No.  0000,  and  will, 
therefore,  carryover  145  amperes;  but  the  current  is  only 
120  amperes,  and  the  cable  will  be  of  safe  capacity.  Ans. 


(38)  See  Art.  19. 

(39)  See  Art.  39. 

(40)  The  resistance  per  1,000  feet  of  No.  0 wire  is  .411 
ohm,  or,  per  foot,  .000411  ohm  :=  /vy ; the  number  of  lamps  vV 
is  25;  the  distance  F is  225  feet.  Then,  by  formula  7,  the 
drop  on  the  line  is 

E = 2 X .000411  X 25  X 225  = 4. 624  volts.  Ans. 


(41)  See  Art.  8^i. 

(42)  The  insulation  of  the  wires  must  be  very  perfect,  and 
they  should  be  well  protected  whenever  they  approach  any 
grounded  metal  work. 

(43)  See  Art.  21. 

(44)  The  resistance  per  1,000  feet  of  No,  4 wire  is  .259 
ohm,  or,  per  foot,  .000259  ohm  = Ry,  the  number  of  lamps  N 
is  46;  the  distance  F is  84  feet.  Then,  by  formtda  8,  the 
drop  in  potential  is 

E = .000259X46X84  ==  1.00  volt.  Ans. 


(45)  See  Art.  83. 

(46)  See  Art.  42. 

(47)  The  40  lamps  present  an  equivalent  of  3x40  = 120 
lamps  of  16  c p. ; the  length  of  feeder  is  85  feet;  the  drop 

8-14 


ELECTRIC-LIGHT  WIRING 


C 


§ 15 


in  potential  is  1.25  volts.  Then,  by  formula  5,  the  resist- 
ance per  foot  of  the  feeder  is 
1 25 

Rf  = — — ^ — — = ,000123  ohm  per  foot  = .123  ohm  per 
-^120X85  ^ ^ 

1,000  feet. 

This  corresponds  near  enough  to  No.  1 wire.  The  current 
being  1.5  amperes  per  lamp  - 1.5  X40  : 00  amperes,  which 

is  within  the  allowable  limit,  and  is  safe.  Ans. 

For  the  loop,  the  distance  to  be  considered  is  one-half  that 
measured  round  the  dome.  See  Art.  The  diameter  of 

the  dome  is  120  feet,  and  the  circumference  is,  therefore, 
377  feet.  The  lamp  feet  will  then  be  120  X-|-  = 22,620,  and 
the  drop  of  potential  is  2.5  volts.  Then,  by  formula  5, 
the  resistance  of  the  conductor  per  foot  is 
2 5 

Rj  = = .00011  ohm  per  foot  = .11  ohm  per  1,000  feet. 

The  nearest  size  of  wire  is  No.  OB.  & S.  Ans. 


(48)  See  Figs.  26,  27,  and  29, 


(49)  The  number  of  lamps  N = 66 ; the  di.stance  F is 
180  feet;  the  drop  E is  2.5  volts.  By  formula  12,  the 
resistance  per  foot  of  the  wire  is 

2 X 2. 5 

= rrr- — rwr:  — -00042  ohm  per  foot  = .42  ohm  per 
66X180 

1,000  feet. 

This  corresponds  to  No.  6 wire,  and  since  the  current  will 
be  = 16.5  amperes,  this  size  will  be  safe.  Ans. 

(50)  All  but  one  must  be  changed  to  give  a single  stroke. 


(51)  See  Art.  40. 


(52)  By  formula  10,  the  initial  voltage  is 
100X110 


V'  : 


111.4  volts. 


100-1.25 

By  formula  11,  the  drop  in  potential  is 

E = 111.4  — 110  = 1.4  volts. 
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Since  it  is  evident  that  a large  conductor  is  required,  its 
area  is  calculated  by  formula  1)  ; 


A = 


10.Sx4.SOx  HO 

O 


= i20G,000  circular  mils. 


By  interpolation  in  Table  2,  it  will  be  found  that  this 
cable  will  carry  2G9  amperes,  and  it  is  therefore  safe.  Ans. 

(5:5)  See  Art.  ST,  Fig.  GG. 

(54)  By  formula  1 O,  the  initial  voltage  is 
1 00  X 55 


= 57.  G5  volts. 


100  — 4.G 

By  formula  1 1 , the  drop  in  voltage  is 
A = 57.  G5  — 55  = 2.G5  volts. 


Ans. 


(55)  See  Art. 

(5r.)  7\ccording  to  formula  1 <>,  the  initial  voltage  is 
1 00  X 220 


r'  = 


97 


22G.S  volts. 


By  formula  1 1 , the  drop  is 

E = 22G.S  - 220  = G.8  volts  = E. 

The  number  of  lamps  N is  S4;  the  distance  E is  320  feet. 
Then,  by  fornmla  1 ‘i,  the  resistance  of  the  wire  per  foot  is 

Rr  = Wv  = .00050G  ohm  per  foot  = .50G  ohm  per 

I,0()0  feet. 

The  nearest  size  of  wire  is  No.  7,  which  will  carry  30 
amperes.  Since  the  current  taken  by  the  lamps  is  only  one- 
half  of  that  required  in  the  ordinary  two-wire  system,  it  will 
S4  X 5 

be  — — ^ =1  21  amperes,  and  the  wire  will  be  safe.  Ans. 


PLUMBING  AND  GAS-FITTING. 

(QUESTIONS  1-100.  SEC.  16.) 


(1)  See  Art.  35. 

(5J)  See  Art.  5(>  and  Fig-,  27. 

(3)  See  Arts.  81  and  83. 

(4)  See  Art.  131. 

(5)  See  Art.  151. 

(G)  See  Art.  1T8  and  Fig-.  64. 

(7)  See  Table  9,  Art.  309.  The  increase  of  pressure  for 
each  10  feet  in  rise  is. 073  inch  of  water.  Consequently,  the 
increase  in  pressure  at  the  18th  floor  will  be.073x-y%®-  = 1.6 
inches  of  water.  The  total  pressure  at  the  18th  floor  will  be 
1.6-F1.25  = 2.85  inches  of  water.  Ans. 

(8)  See  Arts.  339  and  340. 

(9)  See  Table  11,  Art.  300.  In  this  table,  the  distance, 
20  inches,  shows  a candlepower  of  16.  Or,  since  the  intensity 
of  light  is  inversely  as  the  square  of  the  distance  from  the 
source  of  light,  it  follows  that  the  candlepower  of  the  gas 
flame  will  be  80’ -7-20’^  = 16  times  greater  than  that  of  the 
candle  flame.  The  candle  flame,  being  1 candlepower,  how- 
ever, it  also  follows  that  the  gas  flame  is  16  candlepower. 

Ans. 


(10)  See  Arts.  4 to  9. 
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(11)  See  Art.  3(>.  Long  hoppers  are  used  for  outside 
closets  only,  because  the  traps  must  be  biiried  below  frost 
line. 

(12)  See  Art.  57  and  Fig.  28. 

(13)  See  Art.  90. 

(14)  See  Art.  123. 

(15)  (rt:)  See  Art.  154. 

(/;)  See  Art.  155.  Put  on  a swing  check;  also  vent  the 
sewer;  also,  if  possible,  provide  periodical  flushing  apparatus. 

(IG)  (rt)  See  Art.  179. 

(b)  See  Arts.  180  and  181. 

(c)  See  Art.  182. 

(17)  vSee  Table  10.  2|-inch  pipe.  Ans. 

(18)  See  Arts.  241  and  242. 

(19)  (a)  See  “ Shields,”  Art.  248. 

(1;)  Yes. 

(20)  See  Arts.  10  to  12. 

(21)  See  Fig.  11,  Art.  14.  Since  a running  trap  is  to  be 
used,  it  would  be  connected  up  as  shown  in  Fig.  1.  It  is 

vented  at  a.  Guard 
against  placing  the 
trap  between  the 
overflow  pipe  b and 
the  waste  outlet 
to  the  bath.  The 
pipes  passing 
through  the  safe  c 
should  have  flange 
joints  wiped  as  at 
f,  and  f to  make  the 
safe  water-tight.  A 
safe  waste  pipe  g 


Fig.  1. 
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furnished  with  a raised  brass  strainer  h is  provided  to  carry 
off  any  leakage  to  a safe  point. 

{22)  (a)  See  Art.  58.  Usually  where  there  is  no  space 

av^ailable  to  stand  a vertical  boiler. 

(d)  The  return  pipe  to  the  waterbaek  should  connect  to 
bottom  of  boiler  in  order  to  feed  the  waterbaek  with  the 
coldest  water;  also,  to 
cause  all  the  water  in  boiler 
to  be  heated  and  prevent 
a stratum  of  cold  w'ater 
from  lying  “dead  ” in  the 
bottom  of  the  boiler.  The 
feed  to  the  boiler  should 
also  join  at  or  near  the 
bottom;  otherwise,  the 
cold  water  entering  the 
boiler  will  cool  the  hot 
water  too  much  by  mixing  with  it.  An  improved  method  of 
connecting  is  shown  in  Fig.  2.  The  arrows  show  the  direc- 
tion of  the  main  currents  when  hot  water  is  being  drawn  at 
the  fixtures. 


(23) 

(«) 

See  Arts.  102  and  105. 

i^) 

See  Arts.  103  and  100. 

(24) 

See 

Art. 

134. 

(25) 

See 

Art. 

100. 

(2G) 

See 

Arts, 

. 185  and  180. 

(27) 

(«) 

See  Art.  314. 

J 

{d)  and  {c 

) See  Art.  315,  also  Art.  310  and  Fig.  77. 

(28) 

See 

Art. 

344. 

(29) 

See 

Art. 

351. 

(30) 

See 

Art. 

13. 

(31) 

See 

Art. 

38  and  Fig.  20.  Use  a brass  floor  flange. 

(32) 

See 

Art. 

57.  Run  a circulation  pipe  from  the  high- 

est  point  of  the  hot-water  supply  pipe  to  basin.  This  point 
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Fig. 
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must  be  near  the  basin  in  order  to  obtain  hot  water  the  instant 
the  basin  cock  is  opened. 

(33)  See  Art.  108,  also  the  trap  at  A in  Fig.  34. 

(34)  See  Art.  135. 

(35)  See  Art.  1(51, 

(3G)  See  Art.  148. 

(<?)  A little  more  calking  will  remedy  the  defect. 

(d)  The  pipe  or  fitting  should  be  renewed. 

(c)  The  pipe  should  be  renewed. 

((/)  The  flaw  should  be  removed;  that  is,  the  casting 
should  be  renewed. 

(37)  Fig.  3 shows  how  the  piping  in  tlie  basement  may 
be  arranged,  also  the  sizes  of  the  several  pipes.  Since  the 
riser  to  the  second  floor  is  not  changed,  the  piping  shown  in 
Fig.  81,  Plumbing  and  Gas-Fitting,  will  remain  unchanged. 
Note  the  newel-post  branch. 

(38)  See  Art.  245. 

(39)  See  Arts.  203  and  204.  (rr)  Acetylene. 

{b)  It  is  made  from  calcium  carbide  and  water. 

(f)  No.  It  will  smoke.  The  burners  must  have  special 
thin  slits  to  spread  the  flame. 

(40)  See  Art.  IT. 

(41)  See  Arts.  40  and  41. 

(43)  See  Art.  59,  (d:)  Should  be  made  of  copper,  tinned 

on  the  surfaces  in  contact  with  the  water.  A double  boiler 
is  used,  because  one  waterback  only  will  do  the  heating. 

{b)  This  sketch  will  be  similar  to  Fig.  30,  Plumbing 
and  Gas-Fitting,  Art.  ,59,  Guard  against  placing  sediment 
cocks  L and  d/in  such  a position  that  the  inner  boiler  can 
be  emptied  while  the  outer  one  is  full. 

(43)  See  Arts.  109  and  110. 

(44)  See  Art.  128. 
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(45)  See  Art.  1G7.  In  order  to  find  how  many  cubic 
feet  of  water  have  passed  through  the  meter  since  it  was 
last  read,  we  subtract  the  last  reading  from  this;  thus, 
47,805-0,417  = 41,388.  Ans. 

(40)  See  Art.  1(>3.  Since  the  man  who  will  operate  the 
pump  is  a gardener,  and,  consequently,  not  familiar  with 
machinery,  a simple  and  safe  engine  should  be  employed. 
A double-cylinder  hot-air  engine  is  especially  adapted  for 
this  work,  and  is  extensively  employed  when  the  height  the 
water  has  to  be  raised  exceeds  75  or  100  feet. 

(47)  See  Art.  221. 

(48)  See  Arts.  340  and  347. 

(49)  See  Art.  357. 

(50)  See  Arts.  15,  10,  and  18. 

(51)  See  Art.  45.  Set  the  supply  cock  so  that  the  pan 
will  tilt  every  5 minutes. 

(52)  See  Arts.  03  and  03. 

(53)  See  Art.  114. 

(54)  See  Art.  139. 

(55)  Since  the  bath  branch  and  the  sink  branch  are  each 


f inch  in  diameter,  the  1-inch  pipe  should  be  run  along  as 
shown,  and  reduced  only  for  the  sink.  See  Fig.  4. 

(56)  See  Arts.  197,  199,  and  300. 
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(57)  (n)  No.  See  Art.  224. 

(d)  With  non-conducting  materials  to  keep  in  the  heat. 

{c)  Guard  against  contact  between  the  pipe  and  the  wire. 
Insulate  the  pipe  with  rubber  tape,  as  explained. 

(58)  See  Art.  249. 

(59)  See  Art.  259. 

(60)  See  Art.  19. 

(01)  See  Arts.  48  and  49,  also  Fig.  25,  Plumbing  and 
Gas-Fitting. 

(62)  See  Art.  08.  (cz)  About  30  X 60  X 2 = 3,600  gal. 

Ans. 

{b)  About  30X60X5  = 9,000  gal.  Ans. 

(63)  See  Art.  115.  Use  a back-water  trap,  as  shown  in 
Fig.  39,  Pluncbing  and  Gas-Fitting.,  or  place  a check-valve 
on  the  branch. 

(64)  (a)  275  feet  per  minute. 

(b)  1 in  40.  See  Arts.  130  and  131. 

(65)  See  Art.  170  and  Fig.  63. 

(66)  (a)  See  Art.  203. 

(b)  See  Arts.  203  and  204. 

(67)  See  Art.  225. 

(68)  See  Art.  250. 

(69)  See  Art.  89. 

(70)  See  Arts.  22  to  25. 

(71)  See  Art.  52. 

(72)  See  Art.  72. 

(73)  See  Art.  117. 

(74)  See  Arts.  139  and  141.  It  should  be  located  inside 
the  cellar  wall  and  above  the  floor.  Failing  that,  it  should 
be  built  in  a brick  manhole. 
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(75)  There  being  a tank  in  the  attie,  the  pressure  must  be 
low;  hence,  see  “low  pressure  ” column  in  Table  7,  Art. 
172.  Use  the  larger  sizes  for  the  upper  floor. 

(70)  (a)  See  Art.  204.  About  240  candlepower. 

(^)  Since  acetylene  has  about  240  candlepower  and  com- 
mon gas  about  IG  candlepower,  the  number  of  gas  burners 
required  will  be  about  = 15.  Ans. 

(77)  (a)  See  Art.  227. 

(/;)  See  Art.  228. 

(c)  See  Arts.  220  and  230. 

(78)  (n)  Sec  Art.  27i2.  The  aim  is  to  illuminate  all 
objects,  within  the  ordinary  field  of  vision,  to  about  the  same 
degree  of  brilliancy  as  that  afforded  by  diffused  daylight. 

(/;)  See  Art.  253.  By  a large  number  of  small  lights 
located  up  near  the  ceiling  of  the  room  to  be  lighted. 

(70)  See  Art.  91. 


(80)  In  Fig.  5,  three  tubs  are  shown  fitted  up  in  the  same 
manner  as  the  two  shown  in  Fig.  IG,  Art.  31,  Plumbi)ig 


and  Gas-Fittings  with  this  difference;  The  trap  will  be 
connected  to  the  outlet  of  the  left-hand  tub.  The  water 
pipes,  as  shown  by  dotted  lines,  will  extend  to  the  third  tub. 
A 3-inch  pipe  stack  will  be  shown,  as  at  A,  and  a | S trap 
will  join  the  stack  by  means  of  a Y branch  and  a brass 
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ferrule  connection.  The  back  vent  B will  join  the  stack  in  a 
similar  manner,  the  branch  being  set  above  level  of  bottom 
of  tubs.  A trap  screw  may  be  wiped  in  the  end  C to  facili- 
tate cleaning  the  waste  pipe  D. 

(81)  See  Art.  54, 

(8:^)  See  Tables  1,  3,  and  4,  Art.  73. 

7GX3.5X.0G  = 8 1 5.9  G 

110X3.5X.07  = 2G.95 

9GX  8X.07  = 5 3.7  G 

5G)5:  /gX-ao  = G.3  0 

Total,  f 1 0 2.9  7 Ans. 

(83)  See  Arts.  118  and  1 19.  That  shown  in  Fig.  41 
is  the  most  efficient. 

(84)  See  Arts.  14*^  and  143. 

(85)  (a)  See  Art.  173.  By  filtration  through  beds  of 
fine  sand,  charcoal,  etc. 

(<5»)  By  aeration.  See  Art.  174. 

(8G)  See  Art.  205. 

(87)  See  Arts.  231  and  232. 

G5  X 90 

(88)  See  rule,  Art.  254.  Main  floor  will  require  — — 

= 14G  burners.  Each  balcony  will  require  = 30  burn- 
ers. Total  number  of  burners  required  ==  14G  + 30-I-30 
--  20G.  Ans. 

(89)  See  Art.  112, 

(90)  See  Art.  33, 

(91)  See  Art.  55. 

(92)  See  Art.  74. 

(93)  See  Arts.  120  and  127.  The  seal  is  maintained, 
and  siphonage  is  prevented  by  the  use  of  a vent  pipe. 

(94)  (a)  See  Art.  148. 

(i>)  See  Art.  149. 
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(95)  See  Art.  176. 

(96)  See  Art.  ti06.  Since  4J-  gal.  of  this  gasoline  will 
produce  1,0U0  cu.  ft.  of  15  c,  p.  gas,  and  since  ten  5-foot 
burners  will  consume  10x100x5  = 5,000  cu.  ft.  of  gas  in 
100  hours,  it  follows  that  4.5xf§§§  = 22.5  gal.  of  gasoline 
are  recjuired.  Ans. 

(97)  (a)  See  Art. 

(d)  See  Art.  27>5. 

(98)  See  Art.  !i56- 

(99)  (a)  See  Art.  113. 

(d)  No. 


(100)  See  Art.  34. 


Heating  and  Ventilation  of 
Buildings. 

(QUESTIONS  1-100.  SEC.  17.) 


(1)  See  Table  9,  Art.  G5.  One  ton  is  2,000  pounds. 
The  amount  of  air  required  for  the  hot- water  boiler  will  be 

304.85x2,000  = 009,700  cu.  ft.  Ans. 

The  amount  of  air  required  for  the  low-pressure  steam 
boiler  (see  Table  9)  is  equal  to 

205.45X2,000  = 530,900  cu.  ft.  Ans. 

The  amount  required  for  the  power  boiler  is 

170.83X2,000  = 341,000  cu.  ft.  Ans. 

(2)  See  Art.  OO.  The  heat  emitted  from  each  square 
foot  of  the  pipe  surface  to  air  having  a velocity  of  14  feet  per 
second  — 7.5  B.  T.  U.  per  hour  per  degree  difference  (.see 
Table  14).  Consequently,  each  square  foot  will  emit,  on  an 
average, 

7.5x220  = 1,050  B.  T.  U.  per  hour. 

The  size  of  the  heater  then  will  be 

AO_o_o^o^oo  — 3g)3o  sq.  ft. 

Therefore,  3,030x3  = 9,090  feet  of  1-inch  pipe  are 
required.  Ans. 


(3)  See  Art.  117.  No. 
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(4)  See  Art.  137. 

(5)  See  Arts.  168  and  169, 


(G)  {a)  See  Art.  19,5. 

(/;)  See  Arts.  196  and  197. 

(7)  Aceording  to  Table  18,  a G-ineh  pipe  will  be  large 
enough. 

(8)  {a)  See  Art.  235. 

(/;)  See  Art.  234. 


(9)  See  Art.  271. 

(10)  (a)  See  Arts.  7 to  14,  inclusive. 
(/;)  See  Arts.  9 and  13. 


(11)  See  Art.  66. 

(13)  See  Baldwin’s  rule,  Arts.  92  and  93.  Glass  surface 
is  equal  to 

G X 3 X 4 = 73  sq.  ft. 

The  exposed  wall  surface,  reduced  to  glass  equivalent,  is 
eqiial  to 

10  (35 +30) - 72 
— ^ = o7.8  sq.  ft. 

Cooling  surfaces  to  be  calculated  for  have  an  area  of 
57.8  + 72  129.8  sq.  ft. 

Substituting  in  the  formula,  we  have, 

rVQ  I 1 Q 

A=:^^y—^X  129.8  = GG  sq.  ft.,  nearly. 


To  this  we  add  25^,  or  1G.5  square  feet,  for  air  leakage, 
which  gives 

GG+  1G.5  = 82.5  sq.  ft. 

Then  we  add  20^,  or  1G.5  square  feet,  for  wind  exposure, 
which  gives  as  the  correct  size  of  the  radiators 
82.5+  IG. 5 99  sq.  ft. 

If  this  is  divided  into  two  radiators,  they  will  be  as 
follows : 


a = GG  sq.  ft. 
/;  33  sq.  ft. 


Ans. 


(13)  See  Art.  116. 


OF  BUILDINGS. 


3 


§ 17 


(14)  See  Art.  138. 

(15)  See  Arts.  170  and  171. 

(10)  See  Arts.  108  and  ?i07. 

(17)  See  Table  21,  Art.  ‘^‘^3. 
surface  and  its  equivalent  equals 

2,400 + = 2,550  sq.  ft. 

According  to  the  table  of  ratios,  the  heating  surface  is 
2,550 


Total  amount  of  glass 


3.5 

(18)  See  rule  13,  Art 


= 730  sq.  ft.,  nearly. 

241. 


A ns. 


- Ans. 


Glass  surface  = 50  sq.  ft. 
Glass  equivalent  of  wall  surface  (240  sq.  ft.)  = 0 0 sq.  ft. 

Total,  110  sq.  ft. 

Area  of  pipe  for  first  floor  is  110X1.5 

= 105  sq.  in.,  corresponding  to  14i  in.  diam. 

Area  of  pipe  for  second  floor  is  110  X 1.25 

= 137  sq.  in.,  corresponding  to  13^  in.  diam. 

Area  of  pipe  for  third  floor  is  110X1 

= 110  sq.  in.,  corresponding  to  111  in.  diam. 

(19)  See  Arts.  370  and  7 7. 

(20)  See  rule  1,  Art.  17.  Coefficient  of  expansion 
= .0000823.  Increase  in  temperature  = 3o7°  — 00°  = 247°. 
Consequently  the  expansion  is  250  X 247  X .0000823  = 5.082  in. 

Ans. 

(21)  See  Art.  67.  Volume  required  is  18  cubic  feet  for 
each  thousand  pounds;  therefore,  for  25  tons  the  volume  is 

25  X 18X2  = 900  cu.  ft. 

Length  of  bin  is  18  feet,  depth  0 feet;  consequently,  the 
width  is 

900 


o ^ = 84  ft.  = 8 ft.  4 in. 
18X6  ^ 


Ans. 


(22)  See  Table  15,  Art.  96.  Each  square  foot  of  an 
8-inch  brick  wall  conducts  .46x70  = 32.2  B.  T.  U.  from 
the  air  in  the  room  to  the  outer  atmosphere  in  one  hour. 
Consequently,  the  total  loss  from  the  brick  wall  will  be 
875X32.2  = 28,175  B.  T.  U.  per  hour. 

8-15 
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Excess  of  loss  per  hour  equals 

28,175  B.  T.  U.  -G,125  B.T.U.  = 22,050  B.T.U.  Ans. 

(23)  See  Art  119. 

(24)  See  Art,  143. 

(25)  See  Arts.  173  to  176. 

(20)  See  Art.  199. 

(27)  (<i:)  When  water  is  run  into  the  system,  air  will 
aecumulate  in  return  pipes  under  the  left-hand  bench;  con- 
sequently, the  water  will  not  circulate  through  the  green- 
house. {b)  To  remedy  the  defect,  an  air- vent  pipe  should 
be  taken  from  the  highest  point  of  the  air  lock  and  led  up  into 
the  main  a,  or  over  and  into  the  top  of  the  expansion  tank. 

(28)  See  Art.  344. 

{a)  Loss  of  cooling  is  130,000  B.  T.  U.  per  hour.  ' Total 
loss  by  cooling  and  ventilation  equals 

130,000x2.18  = 290,480  B.  T.  U.  per  hour. 

The  efficieney  of  the  furnace  being  50^,  it  follows  that  50^ 
of  13,400,  or  0,700  B.  T.  U.,  are  utilized  for  each  pound  of 
coal  burned ; therefore,  amount  of  coal  required  to  heat  the 
building  for  a period  of  24  hours  equals 

24X-fy^f-  = 1,050  lb.,  nearly,  or  about 
44  lb.  per  hour.  Ans. 

(b)  Size  of  grate  equals 

4^-  = 11  sq.  ft.  Ans. 

(c)  Area  of  heating  surface  is  45  to  1 of  grate  surface; 
consequently,  area  of  heating  surface  = 

11  sq.  ft.  x45  = 495  sq.  ft,  Ans. 

(29)  See  Art.  379.  Mixing  valves  should  be  used. 

(30)  See  rule  2,  Art.  31. 

U = 20 X. 23751  X 100  = 700.032  B.  T.  U.  Ans. 

(31)  See  Arts.  71  and  73. 

(32)  See  rule  9,  Art.  101. 
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^ ^ 275,000X58  , . 

Temperature  = — ---■ j-  70  = 120  . Ans. 

tj  A.  */  ^ 


(33)  (rt:)  See  Art.  12^. 

(d)  See  Art.  1 2<>  and  Fig.  49. 

(c)  See  Art.  123  and  Fig.  4(5. 

(34)  See  Arts.  141)  and  150. 

(35)  See  Art.  177. 

(30)  See  Arts.  201  and  202. 

(37)  {a)  See  Art.  225. 

(d)  See  Art.  221. 

(38)  See  Arts.  247 'to  250. 

(39)  See  Art.  298. 


(40)  See  rule  3,  Art.  29.  From  Table  7 
tained  in  1 cu.  ft.  at  140°  is  2.2013  R.  T.  U. 
Applying  the  rule,  heat  given  off  equals 
300X(140-00)X2.2013  _ ^ 


the  heat  con- 


U.  Ans. 


(41)  The  continimus  flat  coil.  Art.  75.  This  is  the  most 
positive  circulating  and  most  simple  in  construction  that  can 
be  devised  for  the  conditions  specified. 

(42)  See  Art.  103. 

(43)  See  Art.  125. 

(44)  See  Arts.  153  and  154. 

(45)  See  Art.  178. 

(40)  See  Arts.  205  and  20G. 

(47)  See  Art.  224. 

(48)  See  Art.  2.50.  Two  parts  of  CO^  per  10,000  parts 
of  air  in  excess  of  that  contained  by  the  outer  atmosphere. 

(49)  See  Arts.  299  to  301. 
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(50) 

Using  rule  4, 

V 

100(4G0  + 1G0)  ^ 

4G0  + 0 

(51) 

(a) 

See  Art.  78. 

i^) 

See  Art.  70. 

(62) 

See 

Arts.  105  to  108. 

(53) 

See 

Art.  138. 

(54) 

(^) 

vSee  Arts.  143  and  15G, 

See  Art.  143. 

(55) 

See 

Art.  181. 

(5(i) 

See 

Art.  307. 

(57) 

See 

Art.  337.  The  ratio  be 

furnace-heating  surface  should  average  1 to  50;  consequently, 
grate  area  = G.5  sq.  ft.  x 50  = 325  sq.  ft.  Ans. 


(58)  See  Art.  2(>0. 

(59)  See  Art.  .30.3. 

(GO)  (a)  See  Arts.  43  to  47. 

(If)  vSee  Arts.  48  to  ,10. 

(c)  See  Arts.  .11  and  53, 

(Gl)  See  Art.  8.3. 

(G2)  vSee  end  of  Art.  100. 

(G3)  vSee  Art.  130.  Since  the  boiler  must  make  steam 
readily,  without  a rapid  rate  of  combustion,  we  should  use 
the  largest  numbers  given  in  the  table.  Consequently, 

(a)  Heating  surface  = 18x15  = 270  sq.  ft.  Ans. 

(/;)  Heating  surface  = 12x15  = 180  sq.  ft.  Ans. 

(^r)  Heating  surface  = 14x15  = 210  sq.  ft.  Ans. 

(G4)  See  Arts.  1,17  and  158. 

(G5)  See  Arts.  183,  187,  and  188. 

(GG)  See  Art.  308. 

(G7)  See  Art.  338. 
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(08) 

See 

Arts. 

262  and  263. 

(09) 

See 

Arts. 

277  and  .304. 

(70) 

(a) 

See  Arts.  ,58  to  G4. 

{b) 

See  Art.  (>0. 

(71) 

See 

Art. 

84. 

(72) 

See 

Art. 

112. 

(73) 

See 

Art. 

131. 

(74) 

See 

rule 

lO,  Art.  162. 

Diameter  = • 7S54  = 8 in. , nearly.  Ans. 

(75)  See  Arts.  189  and  190.  If  they  are  not  eonneeted 
at  the  top,  the  seetions  will  beeome  air-bonnd,  and  there  will 
be  no  eirculation  throngh  them. 

(70)  See  Art.  211.  Aeeording-  to  the  table, 

heating  surfaee  = 84x  1.70  = 142.8  sq.  ft.  Ans. 

(77)  See  Arts.  230  and  24,5. 

(78)  See  Arts.  204  and  205. 

(79)  See  Art.  305. 

(80)  See  rule  5,  Art.  39.  Weight  of  1 enbic  foot  of 
steam  at  35°  (see  Table  8)  is  .000325.  Weight  of  1 eubic 
foot  at  75°  is  .00135.  Henee,  relative  hnmidity  equals 

.000325 -j- .00135  = .2407,  or  24.07  per  eent.  Ans. 

(81)  See  Table  11,  Art.  8,5.  (('^)  The  room  A is  to  be 

heated  with  a radiator  having  single  tubes  40  inehes  high. 
Aeeording  to  the  table,  eaeh  square  foot  will  emit 

1.85(220-70)  = 277.5  B.  T.  U.  per  hour. 

The  surfaee  of  the  radiator  should  be 

= 110  sq.  ft.  Ans. 

(^)  In  like  manner,  eaeh  square  foot  of  surface  in  the 
low  radiator  in  room  A will  emit 

2.53(220-70)  = 379.5  B.  T.  U.  per  hour, 
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and  the  svirface  of  this  radiator  should  be 

30,525  Q K ft-  1 \ 

= 80.5  sq.  ft.,  nearly.  Ans. 

j U.  D 

(82)  See  Art.  113. 

(83)  See  Art.  133. 

(81)  See  Art.  1(K>. 

(85)  No.  See  Art.  1 93. 

(80)  See  Table  18,  Art.  315.  With  a circuit  of  300  feet, 
a 4-ineh  main  will  supply  300  square  feet  direct  radiation 
on  first  floor,  or  (see  table  of  faetors,  Art.  311)  390x1.70 
= 603  square  feet  on  third  floor;  or  it  will  supply  100  square 
feet  on  first  floor,  and  200  X 1.70  = 403  square  feet  on  third 
floor.  The  extra  surface  which  the  pipe  will  supply  on  the 
third  floor,  then,  will  be  about  403  — 300  = 193  sq.  ft.  Ans. 

(87)  See  Arts.  331  and  333. 

(88)  See  Arts.  3(40  to  3(>8. 

(89)  See  Arts.  384  and  38.5. 

(90)  See  Art.  43, 

(91)  See  Table  14,  Art.  89.  With  a velocity  of  20  feet 
per  seeond,  the  air  will  receive  from  the  heater  !)  R.  T.  U. 
per  square  foot  of  heating  surface  per  hour  per  degree 
difference.  Consequently,  each  square  foot  of  surface  will 
emit 

9(210  — 00)  = 1,350  R.  T.  U.  per  hour. 

Since  there  are  3,000  square  feet  in  the  heater,  the  total 
emission  per  hour  equals 

3,000X1,350  = 4,050,000  B.  T.  U.  Ans. 

(92)  See  Art.  1 1.5. 

(93) 

(94) 

(95) 


See  Arts.  135  and  136, 
See  Art.  167. 

See  Art.  1 9.3. 
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(9G)  By  reference  to  Tables  18  and  19,  the  pipes  will  be 
proportioned  in  Fi^.  1. 


(97)  See  Art.  2,33. 

(98)  See  Art.  2G1). 

(99)  See  Art.  280. 

(lUUl  See  Arts.  03  and  04. 


PAINTING  AND  DECORATING. 

(QUESTIONS  1-75.  SEC.  18.) 


(1) 

See 

Art.  8<S. 

(^) 

(«) 

See  Art.  54. 

{b) 

See  Art.  5(>. 

(3) 

See 

Art.  177. 

(4) 

See 

Arts.  02  and  9.3. 

(5) 

{a) 

See  Art.  40. 

(b) 

See  Arts.  4 and  37. 

(6) 

See 

Art.  177. 

(7) 

Pound  brushes.  See  Art, 

(8) 

See 

Art.  G. 

(9) 

See 

Art.  18,3. 

(10) 

See 

Art.  99. 

(11) 

See 

Art.  12. 

(12) 

See 

Art.  13. 

(13) 

See 

Art.  100. 

(14) 

See 

Arts.  101  and  103. 

(15) 

(a) 

See  Art.  16. 

(b) 

See  Art.  15, 

(16) 

See 

Art.  62. 
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(17) 

See 

Art. 

103. 

(18) 

See 

Art, 

17. 

(19) 

See 

Art. 

1G9. 

(20) 

See 

Art. 

lOG. 

(21) 

See 

Art. 

22. 

(22) 

See 

Art. 

114. 

(23) 

(^) 

See  Art.  107. 

(^) 

See  Art.  lOO. 

(24) 

See 

Art. 

20. 

(25) 

See 

Art. 

105. 

(2G) 

See 

Art. 

114. 

(27) 

See 

Art. 

101. 

(28) 

See 

Arts 

. 119  to  129. 

(29) 

{a) 

See  . 

Art.  27. 

See  Art.  29. 

(30) 

See 

Art 

GO. 

(31) 

See 

Arts 

. 1 50  to  1 52. 

(32) 

See 

Art. 

G9. 

(33) 

See 

Art. 

IGG. 

(34) 

See 

Art. 

39. 

(35) 

See 

Art. 

143. 

(3G) 

See 

Art. 

8G. 

(37) 

See 

Art. 

43. 

(38) 

See 

Arts 

155  and  159, 

(39) 

See 

Art. 

170. 
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(40) 

See 

Art. 

(^1) 

See 

Art. 

119. 

(42) 

See 

Art. 

81. 

(43) 

See 

Art. 

74. 

(44) 

{a) 

See  . 

A.rt.  17 

4. 

{b) 

See  Art.  1 7 

5. 

(45) 

See 

Art. 

l‘^4. 

(40) 

See 

Art. 

14‘^. 

(47) 

See 

Art. 

,48. 

(48) 

See 

Art. 

(49) 

See 

Art. 

14a. 

(50) 

See 

Art. 

70. 

(51) 

See 

Art. 

70. 

(52) 

See 

Art. 

100. 

(53) 

See 

Art. 

00. 

(54) 

See 

Art. 

10. 

(55) 

See 

Art. 

147. 

(56) 

See 

Art. 

107. 

(57) 

See 

Art. 

88. 

(58) 

See 

Arts, 

. 47  to 

51 

(59) 

See 

Art. 

58. 

(60) 

See 

Art. 

182. 

(61) 

See 

Art. 

148. 

(62) 

(^0 

See  Art.  (>5 

• 

{b) 

See  Art.  (>7. 

I 

(63) 

See 

Art. 

154. 
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(64) 

See  Art. 

61. 

(Go) 

See  Art. 

166. 

(66) 

See  Art. 

63. 

(67) 

See  Art. 

161. 

(68) 

See  Art. 

43. 

(69) 

See  Art. 

69. 

(70) 

See  Art. 

169. 

(71) 

See  Art. 

171. 

(72) 

See  Art. 

117. 

(73) 

See  Art. 

68. 

(74) 

See  Art. 

59. 

(75) 

See  Art. 

87* 

Estimating  and  Calculating 
Quantities. 

(QUESTIONS  1-56.  SEC.  19.) 

(1)  (a)  and  (If)  See  Art.  24.  Table. 

(2)  {a)  and  {d)  See  Art.  28. 

(3)  (rt:)  G2  ets.  See  Art.  11. 

(/^)  12  ets.  in  addition  to  hauling.  See  Art.  11. 

(4)  (a)  and  (d)  See  Art.  59. 

(5)  (a)  and  (b)  See  Arts.  15  and  16. 

(G)  See  Art.  53. 

(7)  See  Art.  65  (eost  of  1 sq.  yd.  of  cellar  floor) 

(8)  See  Art.  49. 

(9)  See  Art.  68. 

(10)  (a)  and  (d)  See  Art.  56. 

(11)  See  “Cost,”  Art.  67. 

(12)  See  Art.  10,  also  Art.  65. 

(13)  See  Art.  25. 

(14)  {a)  and  (b)  See  Art.  26, 

(15)  See  Art.  22, 

(16)  (a)  and  (b)  See  Art.  7. 
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(17)  (a)  575.  See  Art.  13. 

(^)  39.  See  Art.  13. 

(18)  See  Art.  C>9. 

(19)  (a)  Granite,  G sq.  ft.  , bluestone,  8 sq.  ft. ; sandstone, 
10  sq.  ft. 

(^)  25^. 

(20)  (a)  See  Art.  21. 

(/;)  See  Art.  22. 

(21)  (rt)  and  (/>>)  See  Art.  2 

(22)  (a)  and  (fi)  See  Art.  4(>. 

(23)  (a)  About  1^^.  See  Art.  48. 

(/.»)  See  Art.  48. 

(24)  (rt)  and  (/;)  bee  Art.  2iy. 

(25)  (c?)  and  (/;)  See  Art.  (>0. 

(2G)  See  Arts.  44  and  45. 

(27)  {a)  and  {b)  See  Art.  4. 

(28)  {a)  and  (/;)  See  Art.  41. 

(29)  (a)  and  (b)  See  Art.  5. 

(30)  (a)  and  (/;)  See  Art.  27. 

(31)  (a)  and  (b)  See  Art.  17. 

(32)  (a),  (b),  and  (c)  See  Art.  G2. 

(33)  (a)  and  (b)  See  Arts.  42  and  43. 

(34)  ((?)  and  (b)  See  Art.  Gl. 

(35)  (a)  and  (b)  See  Art.  2(i. 

(36)  (a)  and  (b)  See  Art.  40. 

(37)  See  Art.  65. 

(38)  (a)  and  (b)  See  Art.  51. 

(39)  (a),  (b),  and  (<r)  See  Art.  23. 

(40)  (a)  and  (b)  See  Arts.  17  and  18. 
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(41)  (a)  and  (/;)  See  Art.  59. 

(42)  (rt)  and  {d)  See  Art.  38, 

(43)  (a)  and  (d)  See  Art.  9. 

(44)  (a),  (i),  and  (c)  See  Art.  20. 

(45)  (^z)  and  (/;)  See  Art.  47. 

(4G)  (a),  (^),  and  (c)  See  Art.  14. 

(47)  See  Art.  41. 

(48)  (rt),  (^),  and  (c)  See  Art.  6. 

(49)  See  Art.  27. 

(50)  (a),  (/;),  and  (r)  See  Art.  19. 

(51)  (a),  (^),  and  (c)  See  Arts.  30  and  37. 

(52)  (a)  and  (^)  See  Art.  1,3. 

(53)  (a)  and  (/>)  See  Arts.  31  and  34, 

(54)  See  Art.  39. 

(55)  See  Art.  40. 

(5G)  (rt)  and  (l>)  See  Art.  58. 


HISTORY  OF  ARCHITFCTURE. 

(QUESTIONS  1-89.  SEC.  20.) 


(i) 

See 

Art. 

91. 

See 

Art. 

25. 

(3) 

See 

Art. 

110, 

(4) 

See 

Art. 

1. 

(5) 

See 

Art. 

30. 

(0) 

See 

Art. 

7. 

(7) 

See 

Art. 

1. 

(8) 

See 

Art. 

171 

(9) 

See 

Art. 

32. 

(10) 

See 

Art. 

20. 

(11) 

See 

Art. 

51. 

(12) 

See 

Art. 

105 

(13) 

See 

Art. 

1. 

(14) 

See 

Art. 

178 

(15) 

See 

Art. 

133 

(16) 

See 

Art. 

31. 

(17) 

See 

Art. 

133, 

(18) 

See 

Art. 

48. 

(19) 

See 

Art. 

1. 
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(2U)  See  Art.  30. 

(21)  See  Art.  173. 

(22)  See  Art.  30. 

(23)  See  Arts.  143  and  1G8. 

(24)  See  Art.  133. 

(25)  See  Art.  1. 

(2G)  See  Art.  134. 

(27)  See  Art.  09. 

(28)  See  Art.  34. 

(29)  See  Art.  05. 

(30)  See  Arts.  1 13  to  118. 

(31)  See  Art.  73. 

(32)  SeeArt.  113. 

(33)  See  Art.  33. 

(34)  (rt)  See  Art.  34. 

(Z>)  See  Art.  35. 

(35)  See  Art.  60. 

(3G)  See  Art.  19. 

(37)  See  Arts.  (>5  and  00. 

(38)  See  Arts.  53  and  54. 

(39)  See  Art.  37. 

(40)  See  Art.  35. 

(41)  See  Art.  80. 

(42)  See  Art.  19. 

(43)  See  Art.  65. 
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(44) 

See 

Art. 

49. 

(45) 

See 

Art. 

38. 

(46) 

See 

Arts. 

90  and 

91. 

(47) 

See 

Art. 

5. 

(48) 

See 

Art. 

39. 

(49) 

See 

Arts, 

. 8G  to  88. 

(50) 

See 

Arts 

. 70  and 

83, 

(51) 

See 

Art. 

131. 

(52) 

See 

Art. 

31. 

(53) 

See 

Art. 

83. 

(54) 

See 

Arts, 

. 18  and 

10 

(55) 

See 

Art. 

3. 

(56) 

See 

Art. 

50. 

(57) 

See 

Art. 

31. 

(58) 

See 

Art. 

88. 

(59) 

See 

Art. 

64. 

(60) 

See 

Art. 

58. 

(61) 

See 

Art. 

63. 

(62) 

See 

Art. 

108. 

(63) 

See 

Art. 

35. 

(64) 

See 

Art. 

134. 

(65) 

See 

Art. 

131. 

(66) 

See 

Art. 

70. 

(67) 

No. 

(68) 

See 

Art. 

168. 
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See 

Art. 

11. 

(70) 

See 

Art. 

78. 

(71) 

See 

Art. 

25. 

(72) 

See 

Art. 

12.8. 

(73) 

See 

Art. 

30. 

(74) 

See 

Art. 

49. 

(75) 

Sec 

Art. 

49. 

(7C) 

See 

Art. 

70. 

(77) 

See 

Art. 

1 39. 

(78) 

See 

Art. 

1 10. 

(^9) 

See 

Art. 

11. 

(80) 

See 

Arts 

. 141  to  151 

(81) 

Sec 

Art. 

20. 

(82) 

See 

Art. 

111. 

(83) 

vSee 

Art. 

43. 

(84) 

See 

Art. 

27. 

(85) 

See 

Arts 

. 95  and  96. 

(80) 

See 

Art. 

111. 

(H7) 

See 

Art. 

109. 

Sec 

Art. 

100. 

(80) 

See 

Art. 

177. 

ARCHITECTURAL  DESIGN. 

(QUESTIONS  1-88.  SEC.  21.) 


(1)  See  Art.  09. 

(2)  See  Art. 

(3)  See  Art.  (>0. 

(4)  See  Art.  5(>. 

(5)  See  Art.  105. 

(G)  See  Art.  40. 

(7)  See  Art.  07. 

(8)  See  Art.  24. 

(9)  See  Art.  G(>. 

(10)  See  Art.  55. 

(11)  See  Art.  1. 

(12)  See  Art.  41. 

(13)  See  Art.  1). 

(14)  See  Art.  28. 

(15)  See  Art.  07. 

(IG)  See  Art.  .30. 

(17)  See  Art.  2.3. 

(18)  See  Arts.  41  and  50, 

(19)  See  Arts.  42  and  43 
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(20)  See  Art  71. 

(21)  See  Art.  84. 

(22)  See  Art.  128. 

(23)  See  Art  1. 

(24)  Grouping  of  parts  so  as  to  present  an  impression  of 
singleness  of  mass. 


(25) 

See 

Art. 

30. 

(20) 

See 

Arts. 

45  and  46. 

(27) 

The 

Parthenon. 

(28) 

See 

Arts. 

69  to  77. 

(29) 

See 

Arts. 

109,  11.3,  and  11.5 

(30) 

See 

Art. 

36. 

(31) 

See 

Art. 

16. 

(32) 

See 

Art. 

30. 

(33) 

See 

Art. 

40. 

(34) 

See 

Art. 

78. 

(35) 

Sec 

Art. 

78. 

(30) 

See 

Art. 

11.3. 

(37) 

See 

Art. 

33. 

(38) 

See 

Art. 

6. 

(39) 

See 

Art 

15. 

(40) 

Sec 

Art. 

11.3. 

(41) 

See 

Art. 

83. 

(42) 

See 

Art. 

31. 

(43) 

See 

Art. 

51. 

(44) 

See 

Art. 

40. 

(45) 

See 

Art. 

117. 

(46) 

See 

Arts 

. 86  and  88. 
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(47) 

See 

Art. 

‘32. 

(48) 

See 

Arts 

1.  40,  53,  53,  and  06. 

(49) 

See 

Art. 

43. 

(50) 

See 

Art. 

70. 

(51) 

See 

Art. 

119. 

(52) 

See 

Art. 

90. 

(53) 

See 

Art. 

34. 

(54) 

See 

Art. 

55. 

(55) 

See 

Art. 

11. 

(56) 

See 

Art. 

134 

(57) 

See 

Art. 

99. 

(58) 

See 

Art. 

35. 

(59) 

See 

Art. 

56. 

(60) 

See 

Art. 

44. 

(61) 

See 

Art. 

33. 

(62) 

See 

Art. 

91. 

(63) 

See 

Art. 

35. 

(64) 

See 

Art. 

53. 

(65) 

See 

Art. 

138. 

(66) 

See 

Art. 

84. 

(67) 

See 

Art. 

93. 

(68) 

See 

Art. 

37. 

(69) 

See 

Art. 

59. 

(70) 

See 

Art. 

17. 

(71) 

See 

Art. 

93. 
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(72) 

See  Art. 

14. 

(73) 

See  Art. 

lOl. 

(74) 

See  Art 

U)2. 

(75) 

See  Art. 

131. 

(7G) 

See  Art. 

1>8. 

(77) 

See  Art. 

(78) 

See  Art. 

(79) 

See  Art. 

i)r>. 

(80) 

See  Art. 

(81) 

See  Art. 

G5. 

(82) 

See  Arts 

. r>l)  and  00. 

(83) 

See  Art. 

04. 

(84) 

See  Art. 

07. 

(85) 

See  Art. 

0.5. 

(80) 

See  Art. 

o 4 • 

(87) 

See  Art. 

(88) 

See  Art. 

30. 

ARCIIITFXTURAL  DESIGN. 

(QUESTIONS  1-50.  SEC.  22.) 

(1)  See  Art.  131). 

(2)  See  Art.  80. 

(3)  vSee  Art.  1.57. 

(4)  vSee  Art.  .5.‘5. 

(5)  See  Art.  1)0. 

(G)  vSee  Art.  1)1). 

(7)  See  Arts.  10,  IS,  and  14. 

(8)  See  Art.  1 .‘>5. 

(9)  See  Art.  130. 

(10)  See  Art.  1.33. 

(11)  vSee  Art.  ,37. 

(12)  See  Arts.  01)  to  71. 

(13)  See  Art.  83. 

(14)  See  Arts.  8,5  and  88, 

(15)  See  Art.  15. 

(16)  See  Art.  30. 
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07) 

See  Art.  07. 

(18) 

See  Art.  48. 

(19) 

See  Art.  03. 

(20) 

See  Art.  01. 

(21) 

See  Art.  93. 

(22) 

See  Art.  9.5. 

(23) 

See  Art  84 . 

(24) 

See  Art.  1 3(>. 

(25) 

See  Art.  140. 

(26) 

See  Art.  99. 

(27) 

vSee  Art.  85. 

(28) 

See  Art.  00. 

(29) 

See  Art.  lOO. 

(30) 

See  Art.  130. 

(31) 

See  Art.  1 .35. 

(32) 

See  Art.  1.5(>. 

(33) 

See  Art.  1 9. 

(34) 

See  Arts.  34  and  3,5. 

(35) 

See  Art.  48. 

(36) 

See  Art.  31. 

(37) 

See  Art.  1 1 (». 

(38) 

See  Arts.  1.34  and  1,3,5. 

(39) 

See  Art.  1 OO. 

(40) 

See  Art.  1 .58. 

(41) 

See  Arts.  90  and  91. 

ARCHITECTURAL  DESIGN. 
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See 

Art. 

•^4. 

(43) 

See 

Art. 

*^(>. 

(44) 

See 

Art. 

11. 

(45) 

See 

Art. 

08. 

(4(i) 

See 

Art. 

«8. 

(47) 

See 

Art. 

70. 

(48) 

See 

Art. 

7H. 

(4!)) 

See 

Art. 

83. 

(50) 

See 

Art. 

84. 

SPFXIFICATIONS. 

(QUESTIONS  1-48.  SEC.  23.) 


(1) 

See  Art.  1. 

(2) 

See  Art.  1. 

(3) 

See  Art.  1<, 

(i) 

See  Art.  1. 

(0) 

See  Arts.  1 and  3. 

(6) 

See  Art.  12. 

(7)  The  headings  should  in  general  be  placed  in 
which  the  work  will  be  executed.  See  Art.  1. 

the  order 

(8) 

See  Art.  1, 

(9) 

See  Art.  2. 

(10)  See  at  the  end  of  Art.  20  under  the 
Heating.  ” 

heading 

(11) 

See  Art.  5. 

(12) 

See  Art.  5. 

(13) 

See  Art.  18. 

(14) 

See  Art.  2. 

(15) 

ineh.  See  Art.  13,  “ Ashlar  Facing.  ” 

(IG) 

See  Arts.  20  and  26. 
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(17)  See  Art.  3. 

(18)  See  Art.  3. 

(19)  To  be  under  the  frost  line.  See  Art.  13,  “Exca- 
vations. ” 

(20)  See  Art.  14,  “Whitewashing.” 

(21)  See  Art.  15,  “Lathing.” 

(22)  See  Art.  18,  “Finished  Floors.” 

(23)  See  Art.  33, 

(24)  See  Arts.  IG  and  18. 

(25)  See  Art.  13,  “Excavations.” 

(20)  See  Art.  35. 

(27)  See  Art.  14,  “Chimneys.” 

(28)  See  Art.  34,  last  paragraph. 

(29)  See  Art.  19. 

(30)  See  Art.  33,  “Joints  in  Cast-Iron  Pipe.” 

(31)  See  Art.  37. 

(32)  See  Art.  38. 

(33)  See  Art.  38. 

(34)  See  Arts.  13  and  14. 

(35)  See  Art.  IG,  “Shingles.” 

(36)  See  Art.  38. 

(37)  See  Art.  13,  “ Ashlar  Facing.  ” 

(38)  See  Art.  18,  “Window  Frames.” 

(39)  See  Art.  33,  “ Leaders,  ” and  Art.  33,  “Arrange- 
ment of  System.” 


(40)  See  Art.  30,  “Mantels.” 


23 


SPECIFICATIONS. 
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(41)  See  Art.  23. 

(42)  Consult  Arts.  12  and  13. 

(43)  Consult  Art.  19. 

(44)  Consult  Art.  23. 

(45)  Consult  Art.  18. 

(4G)  See  Art.  IG,  “Shingles.” 

(47)  See  Art,  27. 

(48)  See  Arts.  5 to  11, 


Building  Superintendence. 

(QUESTIONS  1-53.  SEC.  24.) 

(1)  See  Art.  1. 

(2)  See  Art. 

(3)  See  Art.  14. 

(4)  See  Arts.  and  36. 

(5)  See  Art.  7. 

(G)  See  Art.  67. 

(7)  See  Art.  8. 

(8)  See  Art.  30. 

(9)  vSee  Art.  <>3. 

(10)  See  Art.  43. 

(11)  See  Art.  47. 

(12)  See  Art.  39. 

(13)  vSee  Art.  69. 

(14)  See  Art.  15. 

(15)  Sec  Art.  5. 

(IG)  See  Art.  16. 

(17)  See  Art.  3. 

(18)  See  Art.  19. 

8-17 
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(19)  See  Art.  GG. 

(20)  See  Art.  Jil. 

(21)  See  Art.  17. 

(22)  See  Arts.  28  and  39. 

(23)  See  Art.  44. 

(24)  See  Art.  17. 

(25)  See  Art.  14. 

(26)  See  Art.  30. 

(27)  See  Art.  34. 

(28)  See  Art.  38. 

(29)  See  Art.  lOG. 

(30)  See  Art.  114, 

(31)  See  Art.  108. 

(32)  See  Art.  133. 

(33)  See  Art.  95. 

(34)  See  Art.  89. 

(35)  See  Art.  143. 

(36)  See  Art.  130. 

(37)  See  Art.  113. 

(38)  See  Art.  94. 

(39)  See  Art.  88. 

(40)  See  Art.  113. 

(41)  See  Art.  89. 

(42)  See  Art.  103. 

(43)  See  Art.  84. 
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(44) 

Sec  Arts.  13*7  and  138, 

(45) 

See  Art.  93. 

(40) 

See  Art.  128. 

(47) 

See  Art.  140. 

(48) 

See  Art.  96. 

(49) 

See  Art.  87. 

(50) 

See  Art.  99. 

(51) 

See  Art.  118. 

(52) 

See  Art,  142. 

(53) 

See  Art.  144. 

CONTRACTS  AND  PERMITS. 

^yUESTIONS  l-r)0.  sec.  25.) 


(1) 

See 

Art. 

3. 

(^) 

See 

Art. 

(>3. 

(-0 

See 

Art. 

18. 

(i) 

See 

Art. 

14. 

(5) 

See 

Art. 

24. 

(fi) 

See 

Art. 

22. 

(-) 

See 

Art. 

33. 

(8) 

See 

Arts. 

4 to  t. 

(^)) 

vSee 

Art. 

30. 

(10) 

See 

Arts, 

. 80  to  84. 

(11) 

See 

Art. 

58. 

(12) 

See 

Art. 

64. 

(13) 

See 

Art. 

14. 

(14) 

See 

Art. 

00. 

(15) 

See 

Arts 

25  and  20, 

(10) 

See 

Art. 

07. 
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(17) 

See  Art.  39. 

(18) 

See  Art.  85. 

(19) 

See  Art.  34. 

(20) 

See  Art.  26. 

(21) 

See  Art.  43. 

(22) 

See  Art.  84. 

(23) 

See  Art.  72. 

(24) 

See  Art.  14. 

(25) 

See  Art.  44. 

(20) 

See  Art.  40. 

(27) 

See  Art.  43. 

(28) 

See  Form  I,  Art.  II. 

(29) 

See  Art.  33. 

(30) 

See  Art.  61. 

(31) 

See  Art.  88. 

(32) 

See  Art.  28. 

(33) 

See  Arts.  10,  11,  and  12. 

(34) 

See  Art.  42. 

(35) 

See  Art.  20. 

(36) 

See  Arts.  16  and  17. 

(37) 

See  Art.  7. 

(38) 

See  Art.  54. 

(39) 

See  Art.  26. 

(40) 

See  Art.  71. 

(41) 

See  Art.  49. 

a/s 
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(42)  See  Art.  13, 

(43)  See  Art.  Ji, 

(44)  See  Art.  03. 

(45)  See  Arts.  53  and  54, 

(46)  See  Art.  38, 

(47)  See  Art.  30. 

(48)  See  Art.  49. 

(49)  See  Art.  24, 

(50)  See  Art.  40. 
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TABLES  AND  FORMULAS. 


This  volume  contains  all  the  principal  Tables,  Rules,  and 
Formulas  occurring-  in  the  Instruction  Papers  of  the  Course. 
They  have  been  collected  and  placed  in  this  volume  in  order 
to  make  them  convenient  for  ready  reference,  so  that  the 
student  will  not  be  obli,u:ed  to  search  the  Instruction  Papers 
to  find  them.  P'oilowing  each  rule  and  formula  is  its  num- 
ber, the  number  of  the  article  in  which  it  occurred,  and  the 
section  number  of  the  Instruction  Paper  from  which  it  was 
taken.  The  section  numbers  have  also  been  printed  on  the 
headlines,  as  in  the  preceding  volumes. 
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TAI5LE8. 

C(  >X  V K US  I ox  TA  li 


IXCIIKS  'I’O  DKt'IM.VI^S  OF  .V  FOOT. 


InchfS  or 
Fractions. 

Decimal 
of  Foot. 

Approxi- 

mate 

Decimal. 

Inches. 

Decimal 
of  Foot. 

Appro.xi- 

mate 

Decimal. 

1 

1 <5 

.0052 

•005 

3 

• 2500 

•25 

1 

8 

.0104 

.010 

4 

•3333 

•33 

1 

T 

.0208 

. 020 

5 

.4167 

.42 

8 

8 

•0313 

0 

OJ 

0 

6 

.5000 

•50 

2 

.0417 

. 040 

7 

•5833 

•58 

5 

8 

.0521 

• 050 

8 

. 6667 

.67 

:{ 

4 

.0625 

. 060 

9 

•7500 

•75 

7 

~8 

. 07  29 

. 070 

TO 

•8333 

•83 

I 

•0^33 

. 080 

I I 

.9167 

.92 

2 

.1667 

. 1 70 

I 2 

T . 0000 

I . 00 

FRA( 

TIONS  OF  AX  IXCII  TO  1>E(  IM. 

VI.S  OF  AX 

IX(  II. 

Fraction. 

Exact 

Decimal. 

Approxi- 

mate 

Decimal. 

Fraction. 

Exact 

Decimal. 

Apj)i'oxi- 

mate 

Decimal. 

1 

3 2 

•03125 

•03 

9 

1 G 

•5625 

•56 

1 

1 G 

. 06250 

. 06 

8 

.6250 

•63 

1 

8 

. I 2500 

• 13 

1 1 
1 G 

.6875 

.69 

3 

1 0 

• 18750 

• 19 

.3 

4 

•7500 

•75 

1 

T 

. 25000 

•25 

1 3 
1 G 

.8125 

.81 

5 

1 G 

•31250 

•31 

7 

8 

.8750 

.88 

3 

8 

■37500 

•38 

1 5 
1 G 

•9375 

•94 

7 

1 G 

•43750 

•44 

I 

I . 0000 

I . 00 

2 

. 50000 

•50 

1 
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AVEKJllT  OF  BUILDING  MATKRIALS. 


Name  of  Material. 

Average  Weight  in 
Pounds. 

PerCu.In. 

Per  Cu.  Ft. 

Aluminum 

. 096 

166 

^■Ispliixlt  pavement  composition 

130 
1 60 

Ji/nestone 

Brass 

.302 

523 

I 20 

J) nickwonk,  tn  lime  mortal' 

Jiriekzoorl\  in  cement  mortar 

Bronze 

•319 

130 

552 

8n  to  ion 

Cement  ^ Port  land 

Cement^  Kosendale 

56  to  60 
1 40 

55° 

72  to  80 
90  to  100 
168 
96 

I I 7 to  125 

450 

480 
7 1 2 
170 

1 64 

165 
150 
138 
145 

90  to  100 

165 

90  to  106 
144  to  15 1 
160  to  180 

Concrete  in  cement 

Copper,  cast 

liiarth  dry  and  loose 

•319 

Earth,  dry  and  moderately  rammed.  . . 

Gneiss,  common 

Gneiss  in  loose  piles 

Gravel 

Iron  cast 

. 26 

Iron,  wrompht 

.277 

.412 

T.cad,  ('ommercial  cast 

limestone 

Marble  

Masonry,  ipranite  or  limestone 

Masonry,  yranite  or  limestone  rubble . . 
Masonry,  granite  or  limestone  dry  rubble 
Afa<\onry  zn  ml  it  one 

Mortnr  hardened 

()iiartz,  common  pure 

Sand  pure  quartz,  drv 

Sandstone  building,  dry 

Slate  

Snozv,  fresh  fallen 

Steel  itriietural 

.283 

5 to  12 
490 

I I 0 

Terra  cotta 

Terra-cotta  masonry  work 

I I 2 

Tile " 

I I 0 to  120 

§5 
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WEIGHT  OE  MATERIALS  IX  ELOORS,  ROOFS, 


E/rr. 


Name  of  Material 


Average 
Weight  per 
Square  Foot 
in  Pounds. 


Corrugated  galvanized  iron  No.  20,  unboarded  . . 

Copper,  1 6 oz. , standing  seam 

Felt  and  asphalt,  without  sheathing 

Glass,  -J-  inch  thick 

Hemlock  sheathing,  i inch  thick 

Lead,  about  J-  of  an  inch  thick 

Lath  and  plaster  ceiling  (ordinary) 

IMackite,  i inch  thick,  with  plaster 

Neponset  roofing  felt,  2 layers 

Sprtice  sheathing,  i inch  thick 

Slate,  inch  thick,  3 inches  double  lap 

Slate,  i inch  thick,  3 inches  double  lap 

vShingles,  6"  X 18",  P to  weather 

Skylight  of  glass,  inch  to  \ inch,  including  frame 

Slag  roof,  4-pb' 

Tin,  IX 

Tiles,  iol"x6y"Xf";  5y"  to  weather  (plain)  . . . . 

Tiles,  14.2"  X to  weather  (Spanish) 

White-pine  sheathing,  i inch  thick 

Yellow-pine  sheathing,  i inch  thick 


2 

6 to  8 
6 to  8 


10 

j_ 

2 

2 

6f 

4t 

2 

4 to  10 
4 

3_ 

4 

18 

4 


ADDITIOX.S  FOR  TIIF.  WF.TOIIT  4)F  THE  PRIXCUPAES,  OR 
ROOF  TRir'SiSES. 


Spans  up  to  40  feet,  4 pounds  per  sq.  ft.  of  area  covered. 

Spans  40  to  60  feet,  5 pounds  per  sq.  ft.  of  area  covered. 

Spans  60  to  80  feet,  6 pounds  per  sq.  ft.  of  area  covered. 

Spans  80  to  100  feet,  7 pounds  per  sq.  ft.  of  area  covered. 
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LIVE  LOADS  PER  SQUARE  FOOT  OF  FLOOR 
SURFACE. 


Dwelling’s  70  lb. 

Offices  70  lb. 

Hotels  and  apartment  houses 70  lb. 

Theaters 120  lb. 

Churches 120  lb. 

Ballrooms  and  drill  halls 120  lb. 

Factories from  150  lb.  up. 


Warehouses from  150  to  250  lb.  iip. 


WIND  I’RESSURE  XORMAI.  TO  THE  SLOPE 
OF  ROOF. 


Rise. 


4 inches  per  foot  horizontal. 
6 inches  per  foot  h.orizontal . 
8 inches  per  foot  horizontal . 
12  inches  per  foot  horizontal. 
16  inches  per  foot  horizontal. 
18  inches  per  foot  horizontal. 
24  inches  per  foot  horizontal. 


Angle  of 
Slope  with 
Horizontal. 

Pitch, 
Proportion 
of  Rise 
to  .Span. 

Wind 
Pressure 
Normal  to 
Slope 
in  Pounds. 

18°  25' 

1 

(> 

16.8 

26"  33' 

1 

4 

23-7 

33°  42' 

1 

29  . I 

45° 

1 

2 

36.1 

53°  7' 

2 

3^-7 

56°  20' 

3 

4 

39-3 

63°  27' 

I 

40 . 0 

SAFETV  FACTORS  FOR  Dll  FFRFXT  IMATERIALS 
I'SEi)  IX  c’oxsrRrc'Tiox. 


Structural  steel  and  wrought  iron 3 to  4. 

Wood  4 to  5. 

Cast  iron 6 to  10. 

Stone I o at  least. 
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STHENGTII  OF  MATERIALS,  IN  I’OUNOS  I’ER 
SQUARE  INCH. 


Material. 

Ultimate  Tensile. 

Ultimate  Compres- 
sion Parallel  to  the 
Grain. 

Allowable  Compres- 
sion Perpendicular 
to  the  Grain. 

Ultimate 

Shearing. 

Modulus  of  Rupture. 

Parallel  to 
the  Grain. 

Perpendic- 
ular to  the 
Grain. 

White  pine  .... 

6,000 

3,000 

250 

300 

2,500 

4,800 

Hemlock 

4,  ooo 

2,000 

250 

250 

2,500 

3,600 

Spruce 

6,000 

3,000 

300 

300 

3,000 

4, 800 

Yellow  pine  . . . 

8,000 

4,400 

600 

400 

4,50° 

7>3oo 

Oak 

10,000 

3,600 

700 

600 

5,000 

6,000 

Wrouo-ht  iron.  . 

50,000 

44,000 

44,000 

48,000 

Shape  iron 

48,000 

Structural  steel 

60,000 

to 

65,000 

52,000 

52,000 

60,000 

Allowable, 

5,000 

Cast  iron 

18,000 

81,000 

25,000 

45,000 

Oranite 

15,000 

1 ,800 

Limestone  .... 

7,000 

• 

0 

0 

10 

Sandstone 

5,000 

700 

to  1,200 

Good  sand.stone. 

10,000 

1,700 

Note. — The  terms  “parallel  to  the  grain”  and  “ iierpendicular  to 
the  grain”  apply  to  wood  only. 

MINIMUM  SPAN  OF  I REAMS  FOR 
STAN  I ) A R I ) C(  )NNE( ' r I ( >NS. 


Size  of 
Hearns. 

Minimum 
Safe  Span 
in  Feet. 

Size  of 
Beams. 

Minimurii 
Safe  Span 
in  Feet. 

Size  of 
Beams. 

iVIinimum 
Safe  Span 
in  Feet. 

20 

17-5 

I 2 

12.0 

8 

5-0 

20 

16.0 

1 2 

9.0 

7 

4.0 

IS 

14-5 

I 2 

7-5 

6 

6 . 0 

15 

12.0 

10 

«-5 

5 

4-5 

15 

10. 0 

1 0 

7.0 

4 

3-0 

15 

9-5 

9 

5-5 

3 

2 . 0 
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§ 5 

THE  SAFE  BEARING  VAEUES  OF  IRMCKWORK, 
MASONRY,  AND  SOILS. 


BRICKWORK. 


Brickwork,  hard  bricks,  dried  lime 

mortar loo  lb.  per  scp  in. 

Brickwork,  hard  bricks,  dried  Port- 
land cement  mortar 200  lb.  per  sq.  in. 

Brickwork,  hard  bricks,  dried  Rosen- 

dale  cement  mortar 150  lb.  per  sq.  in. 

MASONRY. 

Granite,  capstone,  in  lime  mortar  . . 700  lb.  per  sq.  in. 

Sandstone,  capstone,  in  lime  mortar  350  lb.  per  sq.  in. 

Bluestone  (a  sandstone) 500  to  700  lb.  per  sq.  in. 

Limestone,  capstone,  in  lime  mortar  500  lb.  per  sq.  in. 

Granite,  square  stone  masonry,  in 

lime  mortar 350  lb.  per  sq.  in. 

vSandstone,  square  stone  masonry, 

in  lime  mortar 175  lb.  per  sq.  in. 

Limestone,  square  stone  masonry,  in 

lime  mortar 250  lb.  per  sq.  in. 

Rubble  masonry,  in  lime  mortar.  . . 80  lb.  per  sq.  in. 

Rubble  masonry,  in  Portland  cemeirt 

mortar 150  lb.  per  sq.  in. 

Coneretc,  Portland  cement  (i  of 
cement,  2 of  sand,  5 of  broken 
stone) 150  lb.  per  sq.  in. 

SOIL. 


Rock  foundation 

( Aavcl  and  sand  (compact) 

Gravel  and  sand  (mixed  with  dry 

clay)  

vStiff  clay,  blue  clay 

Chicago  clay 


20  tons  per  sq.  ft. 
6 to  10  tons  per  sq.  ft. 

4 to  6 tons  per  sq.  ft. 

2.5  tons  per  sq.  ft. 
I to  1.5  tons  per  sq.  ft. 


In  the  values  given  for  masonry,  the  height  of  the  wall 
should  not  be  over  16  times  the  thickness. 
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STANDARD  1 RAIMINCJ  FOR  I F.FAM  C'ONNFC TIONS. 


20  " 


2 Angles  GXS^K^KO's 


tai’.lt:  of  ]JFxr>ix(r  momfxts 
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SCillAllE  OF  TIIF  LEAST  KAOII  S OF  GA  RATION 
FOR  TIIP]  DIFFERENT  SECTIONS  OF 
CAST-IRON  COLUMNS. 


Solid 

Square. 

IT 

= — . 
12 

Solid 

Rectangle. 

!■ u J 

11 

Solid 

Circular. 

II 

Hollow 

Square. 

1 — jP 1 

|i 

...  n^  + A^ 
12  ' 

Hollow 

Circular. 

1 f 

IG 

FAI’TORS  OF  SAFETY  FOR  COLUMNS. 


/ 

A’ 

Fixed 

and 

Flat 

Ends. 

Hinged 

and 

Round 

Ends. 

/ 

A’ 

Fixed 

and 

Flat 

Ends. 

Hinged 

and 

Round 

Ends. 

/ 

R 

Fixed 

and 

Flat 

Ends. 

Hinged 

and 

Round 

Ends. 

20 

3-2 

3-3° 

1 10 

4.  I 

4-65 

200 

5-0 

6 . 00 

3° 

3-3 

3-45 

1 20 

4.2 

4.80 

2 1 0 

5-1 

6.15 

40 

3-4 

3.60 

130 

4-3 

4-95 

220 

5-2 

6 . 30 

5° 

3-S 

3-75 

140 

4.4 

5.10 

230 

5-3 

6.45 

6o 

3-6 

3-9° 

150 

4-5 

5-25 

240 

5-4 

6 . 60 

7° 

3-7 

4-°S 

1 60 

4.6 

5-4° 

250 

5-5 

6.75 

8o 

3-8 

4. 20 

1 70 

4-7 

5-55 

260 

5-6 

6 . 90 

90 

3-9 

4-35 

1 80 

4.8 

5-7° 

270 

5-7 

7-05 

100 

4.0 

4-5° 

1 90 

4.9 

5-85 

280 

5-8 

7 . 20 
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OSBOIINE’S  CODE  OF  (’OXVEN TTONAE  SIGNS  EOll 

RIVETS. 


Shop.  Field. 


Two  full  heads 


O • 


Countersunk  inside  and  ehipped 


Countersunk  outside  and  chipped 


Countersunk  both  sides  and  chipped 


Flatten  to  i inch  high,  or  coun- 
tersunk and  not  chipped 


Flatten  to  inch  high 


Flatten  to  f inch  high 


Roth 

Inside.  Outside.  Sides. 

0 0 0 

®0|) 


In  the  case  of  simple  flat  joints  the  front  side,  or  the  side 
which  is  seen,  is  considered  as  the  outside,  while  the  rear 
side,  or  the  side  which  is  hidden,  is  considered  as  the  inside. 


elkmi:nts  of  usuai^  sections. 


Note. —Moments  refer  to  horizontal  axis  through  center  of  gravity. 
This  table  is  intended  for  convenient  application  where  extreme  accu- 
racy is  not  important.  The  values  for  the  last  seven  sections  and  those 
marked  * are  approximate.  A = area  of  section ; in  case  of  hollow 
section,  a — area  of  interior  space. 


Section. 


Moment 
of  Inertia. 
1 

Section 

Modulus. 

K 

Distance 
of  Base 
from  Center 
of  (iravity. 

Square  of 
Beast  Radius 
of  Gyration. 

Least  Radius 
of  Gyration. 

R 

bh^ 

bid 

h 

{Least  sidey 

Least  side 

I 2 

6 

2 

1 2 

3-46 

bh^-b'h'^ 

bid-b'ir 

h 

Id-y/d^* 

h-\-Id* 

1 2 

6 Jl 

2 

1 2 

4.89 

A 

A D 

D 

B^ 

B 

i6 

8 

2 

16 

4 

A n^—a  d'^ 

A D^-(uP 

D 

79  4- 1/* 

i6 

SB 

2 

16 

5-64 

bid 

bid 

h 

The  smaller; 

Id  If 
— or  — 
18  24 

The  smaller: 

It  b 

36 

24 

3 

4.24  4.9 

A Id 

A h 

h 

b-^ 

b 

10.2 

7.2 

3-3 

25 

5 

A Jd 

A h 

h 

{hby 

hb 

9-5 

6.5 

3-5 

13  {JdA-b^) 

2. 6 (//  -j-7) 

A je 

A h 

h 

Id 

h 

19 

9-5 

2 

22.5 

4-74 

A je 

Ah 

h 

b 

1 1 . 1 

8 

3-3 

22.5 

4-74 

A le 

A h 

h 

b^ 

b 

6 . 66 

3-33 

2 

2 1 

4-58 

A Id 

A h 

h 

b 

7-34 

3-67 

2 

12.5 

3-54 

A Jd 

A h 

h 

b-^ 

b 

6.9 

4 

2-3 

36.5 

6 

6 
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Web  Bearing. 

.ttllowable  Stress  per  Square  Inch  on 
High-Test  Iron. 

i5»ooo 

mcx)  O CO 
CO  U-)  o ^ 
O "O’  0 

i-T  w <o  '*f 

t'^  COOD  ^ d 
CO  ^ O O to 

0^0^ 

cf  CO  rf  to  \o"  sC 

CO  o to  CO 

CO  to  r>>  Os  •-<  CO  I'' 
-^O  CO  O CO  to  trj 

d"  CO  '4o'  iPco"  O' 

O'O  F'*C''“'  C<*,  too  Cl 
O'OCO  o COtOI'^C'CI 
CO  dO  toO'cOl'^0 

cf  td  i^cd  ^ M Cl  c^* 

tT 

O O O O 
O to  O ^ 

CO  0^0  CO 

^ hT  CO  CO 

toco  o CO  to  d 

Cl  CO  too  I-'*  Cl 
O -1*  Cl  o CO  CO 
»-H  d"  CO  rf  rf  to 

O to  O to  O to  Cl 
to  Cl  O to  d O 

O'  O'  cjsco  CO  CO 
*-i  d*^  CO  lOsO^ 

locoo  r-^tod  O F»co 

1''..-.  lOOO  CIO  O COM 

Cl  0"toocO  Om  d O' 

Cl  coo'toscTFPcscTo 

d 

CO  00  M 

CO  Cl  O O CO 
o o I-*  !'>.  CO 
M hT  cT  cT  ci 

M CO  O CO  to 
to  CO  O CO  sO  CO 
CO  O CO  0 ^ 

•-T  d^  d*^  CO  ’cf  T? 

to  CO  0 CO  to  CO  tr. 
d CO  too  l^CO  OJ 

sO  'i'  Cl  o CO  O c^. 

•-T  d"  CO  Tt  rf  to  o 

O 0*d  Oco  to  CO  M d 
O'  O'  O'  O' CO  coco  CO  C/D 
COC/D  t''*F^O'0  tOlOO 

M d coO"tdo  Fpcdcd 

1 

rf-  O *1"  Cl 

CO  tOsO  CO  M 

CO  ci  o d CO 

o O M CO 

M d Cl  d 

d CO  too  O 

M CO  to  d 'i* 
to  CO  d CO  vd  CO 
CO  O CO  O ^ 

•-t  d d CO  H* 

O to  o to  O to 

to  t'^  O Cl  to  ^ 

Cl  CO  too  F^oo  cd 
O O'  Cl  o CO  o CO 
M d CO  rf  ^ too 

'/D  r-^F^O  toO'COd  to 

tOCOM  Csl-^tOcOM  M 

O'O'^cdcd  coco’  coed 
COCO  F^F^OsO  tOlOO 
M d COO'tOO  F^COCO 

C/3 
O 4) 
■*-»  fl 

e 

c3 

0^  Q) 

■*-*  rC 

Z Z O) 

iD 

M 

u 

c3 

0 0 

^ : : : : ^ 

Ph  0 

^ ^ ^ -K  o 

C 

L-’ 

a 

0 o 

^ : r : : 5: 

Ph  0 

Q 

c 

cd 

0 0 

^ w 

P-(  0 

p 

Ordinary  Bearing. 

Allowable  Stress  per  Square  Inch  on 
High-Test  Iron. 

1 

OncO  CO 

M d Cl 

d CO  M 

l-T  M*  d" 

CO  to  o O 

d CO  Cl 

to  d O <o> 

*-T  d CO  CO 

CO  Cl  o O 00 

d -T  to  r'*  CO 

CO  O to  F^ 

w cT  CO  ^ 

CO  O'O  Cl  CO  M 

CO  O'O  CO  ^ M 

M M d CO  CO  to 

Cl  cd  idv^r  o' 

d 

to  CO  O 

r-.o  O 

os  ^ o 

O CO  •-< 

M d CO  O 

Cl  CO  ^ O 

m"  i-T  d"  cT 

CO  CO  too  O 

O O'  Cl  to  CO 

O'  M oo  CO 

I-T  d*^  d"  CO  c^. 

O O'  coo  O'  O' 

0 to  I-  o M o 

F>*  to  O'  Cl  M d 

M d CO  O'  to  to 

CO  0^  O 

CO  Cl  ^ 

M M 

o CO  >-t 

Cl  CO  >-■ 

9. 

t-T  i-T  cT  cT 

C'CO  CO  F^  Cl 

>-<  Cl  CO  ^ O' 

Cl  CO  -1*  0 •- 

H-t  M d"^  CO  CO 

Cl  CO  O'  to  ^ M 

d CO  O'  too  O 

O M CX)  to  d CO 

M d d cd  o ^ 

1 

toco  vO 

d d to 

CO  d 

o CO  CO 

to  CO  M 

H-l  d*  CO  M 

0 to  O Cl 

M M d Cl 

CO  M to  O' 

CO  CO  F^  O Cl 

M d CO  "O'  O' 

d CO  O'  O H-t 

M M d CO  CO 

oco  F^  F--  F>. 

M d CO  O to  O 

d cd  O to  o*  o 

o M CO  to  d CO 

M d d CO  O O' 

tn 

c/3 
03  O 

Ph.H 

e« 

vZ 

c3 

0)  0) 
- C/i 

0 

- ko  bJO 

cH 

uZ 

c3 

0 0) 

^ 0 

w 

vZ 

0 0 

^z  z z 
^ 0 

_C 

iTj 

u 

cd 

0 0 

^ 0 

Minimum  Dis- 
tance from 
Edge  of  Plate. 

■3P!S 

_,U., 

|«^*h[«Q  ^C'llSOrNU^T'llW 

.«UKMk^lrH|0«iri  . lel-MKhfft-IC-t 

■pu;i 

-r'  M „ 

r-r-  M JT  ^ M 

M*  M hH  tH 

Rivet 

Section. 

•B9JV 

vO 

O' 

M 

C 

CO 

d 

O' 

O' 

o 

vO 

lajpo 

CThJ* 

t-fX 

t/i  ^ 

0;  G 
0) 
a*- 

o3 

•t:  is 

c O 
p:=: 


<u 


VI 


^ <u 

o 

O 

d 

tt  g 

c3.2 

o 
C 0^ 
■j: 
cj  X 

4>  c/3 

Xi  (/} 

X 2 


CU  c 

D.O 


o§ 

•t!  X 

c 

G 

X 


■0)9 
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AREAS  OF  AN(JLES. 

With  Equal  Legs. 


Size  in 


Thickness  in  Inches. 


Inches. 

1 

■f 

f 

n 

s 

7 

liT 

1 

1 

'a 

1 I 
1 ti 

3 

■f 

1 3 
1 « 

7 

¥ 

r 

6X6 

4-3^’ 

5. 06 

5-75 

6-43 

7.  II 

7.78 

8.44 

9. 06 

9-74 

1 1 . 0 

5X5 

3.61 

4. 18 

4-75 

5-3I 

5.86 

6. 42 

6.94 

7-47 

7-99 

9.0 

4X4 

2.86 

3-31 

3-75 

4.  18 

4. 6 1 

5-°3 

5-44 

5-84 

32  X 32- 

2. 48 

2.87 

3-25 

3.62 

3-99 

4-34 

4.69 

5- 03 

3X3 

1.44 

1.78 

2. 1 1 

2-43 

2-75 

3. 06 

3-36 

3-65 

2|X  2| 

'•31 

1.62 

1.92 

2.  2 1 

2.50 

2 .V  X 2 i 

I.  19 

1.47 

1-73 

2. 00 

2.25 

2 1 X 2 1 

1 . 06 

I-3J 

1-55 

1.78 

2. 00 

2X2 

0.94 

1.36 

1.56 

i«-X.| 

0. 8 1 

1 . 00 

1.17 

1.30 

UxO 

0. 69 

0. 84 

0.99 

W ITH 

Unequal  Legs. 

7 X3i 

4.40 

5.00 

5-59 

6. 17 

6-75 

7-31 

7.87 

8.42 

9- 50 

6X4 

3.61 

4. 18 

4-75 

5- 30 

5.86 

6.41 

6.94 

7-47 

7-99 

9. 00 

6X3i 

3-42 

3-96 

4-5° 

5- 03 

5-55 

6. 06 

6.56 

7.06 

7-55 

8.50 

5X4 

3-23 

3-74 

4-25 

4-  74 

5-  23 

5-72 

6.18 

6.65 

7. II 

8. 00 

5X3J 

3-°5 

3-52 

4. 00 

4.46 

4.92 

5-37 

5.81 

6.25 

6. 67 

5X3 

2.86 

3-30 

3-75 

4. 17 

4.  60 

5-°3 

5-44 

5-84 

4h  X 3 

2. 67 

3- 09 

3-5° 

3-9° 

4-3° 

4.68 

5.06 

5-43 

4X3^ 

2.67 

3-°9 

3-5° 

3- 90 

4- 30 

4.68 

5.06 

5-43 

4X3 

2.09 

2. 48 

2.87 

3 25 

3.62 

3-98 

4-34 

4.69 

5-03 

3^X3 

1-93 

2.30 

2.65 

3.00 

3-34 

3-67 

4. 00 

4-31 

4. 62 

3^X  2i 

1.44 

1.78 

2. 1 1 

2-43 

2.75 

3.06 

3-36 

3-65 

3X  2I 

I-3I 

1.62 

1.92 

2.21 

2.50 

2.78 

* 

3X2 

1. 19 

1.46 

1-73 

1.99 

2.25 

2^X2 

1.06 

1-31 

1-55 

1.78 

2. 00 

2^X  4 

0.88 

1.07 

1.27 

1.45 

1.63 

2Xlf 

0. 78 

7-2 
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PROPERTIES  OF  ANGLES. 


Equal  Legs. 


\ . 

U 

0 

O 

g 

00^ 

.2 

.2 

in 

c 

.2 

'rn 

0 

a 

0 

0 

0 

O} 

C Cq 

05  • 
u CD 

ox 

c5  . 

C 

0> 

o 

CU 

<4-1 

o'i  0 

0 

0-^ 

0-23 

H 

s 

% 

0 u 

c ^ 

c 

*0 

c3 

0 

{-. 

5^  ca 
.23  0 P5 

0< 

s 

0 

0 

In. 

In. 

Lb. 

Sq.  In. 

In. 

I 

R 

R' 

6X6 

7 

33-1 

9-74 

1.82 

31.920 

1. 81 

1. 17 

6X6 

tV 

17.2 

5- 06 

1.66 

17.680 

1.87 

1. 19 

5X5 

1 

27.2 

7-99 

1-57 

17-750 

1-49 

0.98 

5X5 

3 

B' 

12.3 

3.61 

1-39 

8.740 

1.56 

0-99 

4X4 

1 3 
TB 

19.9 

5-84 

1.29 

8.140 

1. 18 

0. 80 

4X4 

5 

I (T 

8.2 

2.40 

1. 12 

3.710 

1.24 

0.82 

3|X3| 

1 3 
TB 

17.1 

5.03 

1. 17 

5-250 

1.02 

0.69 

3i  X3| 

3 

B 

8.5 

2.48 

1. 01 

2.870 

1.07 

0. 70 

3X3 

r> 

B 

II. 4 

3-36 

0.98 

2.620 

0.88 

0-59 

3X3 

1 

T 

4-9 

1.44 

0.84 

1.240 

0-93 

0.60 

2jX2| 

1. 

8.5 

2.50 

0.87 

1.670 

0.82 

0-54 

2f  X2| 

1 

T 

4-5 

I-3I 

0.78 

0.930 

0.85 

0-55 

2l  X 2j 

1 

■y 

7-7 

2.25 

0.81 

1.230 

0-  74 

0.49 

2l  X 2j 

1 

T 

4.1 

1. 19 

0.72 

0.  700 

0-77 

0.50 

2|X2^ 

1 

2 

6.8 

2,00 

0.74 

0.870 

0.66 

0.48 

2^X2| 

1 

T 

3-7 

1.06 

0.66 

0.510 

0.69 

0.46 

2X2 

7 

IB 

5-3 

1.56 

0.66 

0.540 

0-59 

0-39 

2X2 

3 

TB 

2.5 

0.72 

0.57 

0.280 

0.62 

0.40 

tf  X If 

7 

TB 

4.6 

1.30 

0-59 

0.350 

0.51 

0-35 

'fXif 

3 

IB 

2. 1 

0.62 

0.51 

0. 180 

0.54 

0.36 

UXU 

3 

B 

3-4 

0.99 

0.51 

0.  T90 

0.44 

0.31 

UXi| 

3 

TB 

1.8 

0.53 

0.44 

0.  1 10 

0.46 

0.32 

ifXif 

5 

TB 

2.4 

0.69 

0.42 

0.090 

0.36 

0.25 

UXlf 

1 

B 

I.O 

0.30 

0.35 

0.044 

0.38 

0. 26 

IXI 

1 

T 

1-5 

0.44 

0.34 

0.037 

0.29 

0,  20 

IXI 

1 

B 

0.8 

0.24 

0.30 

0.022 

0.31 

0.21 

7 7 

¥ A IT 

3 

TB 

I.O 

0.29 

0.29 

0.019 

0. 26 

0. 18 

7 XX  7 

^ A 

1 

B 

0.7 

0.21 

0.26 

0.014 

0.26 

0.  19 

3 XX  3 
4-  A T 

3 

TB 

0.8 

0.25 

0.26 

0.012 

0.22 

0. 16 

.3  3 

T A T 

1 

B 

0.6 

0.17 

0.23 

0.009 

0.23 

0 17 
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S (5 


I’llOPEilTlKS  OF  ANGLES. 

Unequal  Legs. 


I ■»’  I 

A * B C — D 


Dimen- 

sions. 

Thickness. 

Weight  per  | 

4J 

o 

o 

Area  of  Sec- 

tion. 

Distances 
of  Center 
of  Gravity 
from  Back 
of  Flange. 

Momen 

Inert 

1. 

Axis 

A n. 

ts  of 
ia. 

Axis 

CD. 

Rac 

t 

Axis 
A B. 

ii  of  ( 
on. 

Axis 

CD. 

Least  Radi- 
us;  Axis  2 1 

Diagonal.  ' ] 

In. 

In. 

Lb. 

Sq.  In. 

dr 

d. 

f)X-t 

7 

? 

27 

.2 

7 

99 

2 

.12 

1 . 12 

27 

73 

9 

75 

I 

.86 

I 

II 

88 

6X4 

3 

5 

12 

•3 

3- 

6i 

I 

• 94 

0.94 

13 

47 

4 

90 

I 

•93 

I 

17 

88 

6 X 3} 

7 

25 

.7 

7- 

55 

2 

.22 

0.97 

26 

38 

6 

55 

I 

.87 

0 

93 

78 

6 X 3i 

3 

s 

II 

-7 

3- 

42 

2 

.04 

0.79 

12 

86 

3 

34 

I 

•94 

0 

99 

77 

5X4 

7 

F 

24 

.2 

7- 

II 

I 

71 

I. 21 

16 

42 

9 

23 

I 

• 52 

I 

14 

88 

5 X 4 

3 

F 

II 

.0 

3- 

23 

I 

53 

1.03 

8 

14 

4 

67 

I 

•59 

I 

20 

86 

5 X 3V 

7 

F 

22 

• 7 

6. 

67 

I 

79 

1.04 

15 

67 

6 

21 

I 

•53 

0 

96 

77 

5 X 3i 

3 

g- 

lO 

• 4 

3- 

05 

I 

61 

0.86 

7 

78 

3 

18 

I 

.60 

I 

02 

76 

5 X 3 

1 3 
Iff 

19 

• 9 

5- 

84 

I 

86 

0.86 

13 

98 

3 

71 

I 

•55 

0 

80 

66 

5X3 

5 

IF 

8 

.2 

2. 

40 

I 

68 

0.68 

6 

26 

I 

75 

I 

.61 

0 

85 

66 

4i  X 3 

1 3 
TF 

i8 

• 5 

5- 

43 

I 

65 

0.90 

10 

33 

3 

60 

I 

•38 

0 

8i 

67 

4i  X 3 

3 

F 

9 

. I 

o 

67 

I 

49 

0.74 

5 

50 

I 

98 

I 

•44 

0 

86 

66 

4X3i 

1 3 
IF 

i8 

.5 

5. 

43 

I 

36 

1 . 1 1 

7 

77 

5 

49 

I 

.19 

I 

01 

74 

4X3| 

3 

F 

9 

. I 

2. 

67 

I 

21 

o.g6 

4 

18 

2 

99 

I 

•25 

I 

06 

73 

4X3 

1 3 
TF 

17 

. I 

5. 

03 

I 

44 

0.94 

7 

34 

3 

47 

I 

.21 

0 

83 

66 

4X3 

5 

TF 

7 

I 

2. 

09 

I 

26 

0. 76 

3 

38 

I 

65 

I 

•27 

0. 

89 

65 

3V  X 3 

1 3 
TF 

15 

7 

4- 

62 

I 

23 

o.g8 

4 

98 

3 

33 

I 

.04 

0. 

85 

65 

3h  X 3 

5 

TF 

6 

6 

I . 

93 

I 

06 

0.81 

2 

33 

I 

58 

I 

10 

0. 

go 

63 

3l  X 2| 

1 1 

TF 

12 

4 

3- 

65 

I 

27 

0.77 

4 

13 

I 

72 

I 

.06 

0. 

67 

58 

3i  X 2| 

1 

T 

4 

9 

I . 

44 

I 

II 

0.61 

I 

80 

0 

78 

I 

. 12 

0. 

74 

55 

3i  X 2 

9 

TF 

9 

o 

2. 

64 

I 

21 

0.59 

2 

64 

0 

75 

I 

.00 

0. 

53 

45 

3i  X 2 

1 

T 

4 

3 

I , 

25 

I 

09 

0.48 

I 

36 

0 

40 

I 

.04 

0. 

57 

44 

3 X 2| 

9 

TF 

9 

5 

2. 

78 

I 

02 

0.77 

2 

28 

I . 

42 

0 

.91 

0. 

72 

54 

3 X 2\ 

1 

T 

4 

5 

r. 

31 

0 

91 

0.66 

I 

17 

0. 

74 

0 

• 95 

0. 

75 

53 

3X2 

1 

vr 

7 

7 

2. 

25 

I 

08 

0.58 

I 

92 

0. 

67 

0 

• 92 

0. 

55 

47 

3X2 

1 

T 

4 

o 

I . 

19 

0 

99 

0.49 

I 

09 

0. 

39 

0 

• 95 

0. 

56 

46 

2?  X 2 

1 

T 

6 

8 

2. 

00 

0 

88 
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56 
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43 
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16 

2 

I 

o. 

60 

0 
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0-35 
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29 
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PROPERTIES  OF  2 BARS. 
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I 
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6 
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•39 

0 

.82 

3| 

1 

f S 

28. 
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PllOl’EliTlES  OF  I 15EAMS. 


A 


n 


a 

oj 

0> 
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.69 

6. 
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I’ltOPEIMTES  OF  CIIAXXFLS. 


A 


Depth  of  Channel. 

Weight  per  Foot. 

Area. 

Thickness  of  Web. 

Width  of  Flange. 

Moment  of  Inertia, 
Axis  A />’. 

Radius  of  Gyration, 
Inches,  Axis  y/  />'. 

Moment  of  Inertia, 
Axis  Cn. 

Radius  of  (Tyration, 
Inches,  Axis  C D. 

Distance  d. 
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RADII  or  GYRATION  FOR  TWO  AXGLES. 

Placed  Back  to  Back,  Short  Leg  Vertical. 


Unequal  Legs. 

The  different  radii  of  gyration  are  indicated  in  the  figures 
. by  arroivhcads. 


Size. 

Inche.s. 

Thickness. 

Inches. 

Radii  of  Gyration. 

To 

A3 

6X4 

7 

8 

I. 19 

2 

•94 

3 

13 

3 

•23 

6X4 

3 

8 

1. 17 

2 

•74 

2 

92 

3 

.02 

5 X 3 T 

3 

4 

1 . 01 

2 

•39 

2 

58 

2 

.68 

5X3i 

3 

8 

1 .02 

2 

.27 

2 

45 

2 

•55 

5X3 

3 

4 

.86 

2 

•50 

2 

69 

2 

•79 

5X3 

5 

1 0 

•85 

2 

•33 

2 

51 

2 

.61 

4 V X 3 

3 

4 

.86 

2 

.18 

2 

38 

2 

.46 

4/X  3 

5 

1 (> 

.87 

2 

. 06 

2 

25 

2 

•33 

4 X 3 V 

3 

4 

1.05 

I 

•85 

2 

04 

2 

14 

4X3^ 

5 

1 () 

1 . 07 

I 

•73 

I 

91 

2 

00 

4X3 

5 

r 

.83 

I 

.84 

2 

03 

2 

13 

4X3 

5 

1 6 

.89 

I 

•79 

I 

97 

2 

.07 

3^X3 

5 

8 

.87 

I 

•57 

I 

76 

I 

87 

3tX3 

5 

1 <) 

.90 

I 

•53 

I 

71 

I 

81 

3tX  2} 

9 

1 0 

.72 

I 

.66 

I 

85 

I 

95 
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1 

4 

•74 

I 
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I 
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3X2I 

9 

1 0 

•73 
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.40 

t 

59 

I 

69 

3X2i 

1 
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•75 

I 

•32 

I 

49 

I 

60 

3X2 
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•55 

I 

.42 

I 

62 

I 
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1 

4 

•57 
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•39 

I 
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I 
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RADII  OF  r.YRATIOX  FOR  TWO  ANGLES. 

Placed  Back  to  Back,  Long  Leg  Vertical. 


II  j 11, 


Unequal  Legs. 

The  different  radii  of  gyration  are  indieated  in  the  figures 
by  arrowheads. 


Size. 

Thickness. 

Radii  of  Gyration. 

Inches. 

Inches. 

Ao 

/v. 

/v\ 

6X4 

7 

H 

1-95 

1.68 

1.87 

1.97 

6X4 

s 

8 

1-93 

1.67 

1.76 

5X3t 

.3 

T 

1-59 

1.44 

M 

C^ 

1-73 

5 X 3i 

K 

1.60 

1-34 

I5I 

1. 61 

5X3 

3 

4 

1.62 

1.23 

1.42 

1.52 

5X3 

5 

1 6 

1. 61 

1.09 

1.26 

1.36 

4tX3 

3 

4 

1-43 

1-25 

1.44 

1-55 

4iX3 

5 

ITT 

I-4S 

1-13 

1-31 

1.40 

4X3^ 

3 

¥ 

1. 24 

1-53 

1,72 

1.83 

4X3i 

5 

1 8 

1. 26 

1. 41 

1.58 

1.69 

4X3 

5 

1.23 

1. 20 

1-39 

1.50 

4X3 

5 

1 G 

I.  27 

1.17 

1-35 

1-45 

3FX3 

5 

? 

1.06 

1.27 

1.46 

1.56 

3yX3 

5 

1 6 

1. 10 

1. 21 

1-39 

1.49 

3iX2i 

9 

1 G 

1. 10 

1.04 

1.23 

1-34 

3iX2i 

1 

4 

1. 1 2 

.96 

1. 17 

1 . 24 

3X2I 

9 

1 6 

•93 

1.07 

1.27 

1-37 

3X2| 

1 

¥ 

•95 

1. 00 

1. 18 

1.28 

3X2 

1 

2 

.92 

.80 

1. 00 

1. 10 

3X2 

1 

4 

.96 

•75 

•93 

1.04 

Hx4 

5 

nr 

.70 

.60 

•79 

.91 

2^  X I-j 

3 

TB- 

•72 

•57 

•75 

.86 
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RADII  OF  CJYRATION  FOR  TWO  ANGLES. 

Placed  Back  to  Back. 


Equal  Legs. 

The  different  radii  of  gyration  are  indieated  in  the  figures 
by  arroivheads. 


Size. 

Inches. 

Thickness. 

Inches. 

Radii  of  Gyration. 

Ao 

A. 

A’. 

As 

6X6 

7 

8 

1.87 

2.64 

2. 

83 

2.92 

6X6 

3 

8 

1.88 

2.49 

2. 

66 

2-75 

5X5 

3 

4 

1-55 

2.  20 

2. 

38 

2.48 

5X5 

3 

8 

1.56 

c^ 

0 

2. 

27 

2.36 

4X4 

1 3 
1 6 

1 . 24 

1.83 

2. 

03 

2.12 

4X4 

5 

1 6 

1 . 24 

1.67 

I. 

85 

1.94 

3tX31 

5 

8 

1.04 

1-51 

I. 

70 

1. 81 

3iX3^ 

5 

1 6 

1.08 

1.46 

I 

65 

1.74 

3X3 

5 

■§■ 

.94 

1.40 

I 

59 

1 . 69 

3X3 

1 

T 

•93 

1.25 

I 

43 

1-53 

2-l-X  2I 

1 

2 

.76 

1. 1 2 

I. 

31 

1.42 

2^X  2I 

1 

4 

•77 

1.05 

I 

25 

1-34 

2\ X 2I 

1 

2 

.70 

1.05 

I 

25 

1-35 

2^X  2| 

3 

1 0 

.69 

.94 

1. 

I 2 

1.22 

2X2 

1 

2 

.62 

• 95 

I. 

15 

1 . 26 

2X2 

3 

1‘6 

.62 

.84 

I . 

03 

1-13 
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§6 


KESISTING  MOMENTS  OF  PINS. 


Moments  in  Inch-Pounds  for  Fibei 

Stresses  of 

Diame- 

Area  of 

Diame- 

ter  of 

Pin  in 

15,000  lb. 

20,000  lb. 

22,000  lb. 

25,000  lb. 

ter  of 

Pin  in 

Square 

Pin  in 

Inches. 

Inches. 

per  Square 

per  Square 

per  Square 

per  Square 

Inches. 

Inch. 

Inch. 

Inch. 

Inch. 

I 

0.785 

1,470 

1,960 

2,160 

2,450 

I 

U 

0.994 

2,100 

2,800 

3,080 

3,500 

u 

1.227 

2,880 

3.830 

4,220 

4,790 

If 

1.485 

3.830 

5.100 

5,620 

6,380 

ii 

1.767 

4.970 

6,630 

7,290 

8,280 

1.V 

ll 

2.074 

6,320 

8,430 

9.270 

10,500 

If 

If 

2.405 

7.890 

10, 500 

11,570 

13,200 

If 

Iff 

2.761 

9.710 

12,900 

14.240 

16,200 

II 

o 

3.142 

11,800 

15,700 

17,280 

19,600 

2 

3.547 

14,  TOO 

18,800 

20,730 

23,600 

ol 

3.976 

16,800 

22,400 

24,600 

28,000 

2f 

o3 

““8 

4.430 

19.700 

26,300 

28,900 

32,900 

2| 

2 

4.909 

23,000 

30, 700 

33.700 

38,400 

2j- 

2 - 

5.412 

26,600 

35,500 

39,000 

44,400 

2| 

9 3 

5.940 

30,600 

40,800 

44,900 

51,000 

2f 

2 - 

6.492 

35.000 

46,700 

51,300 

58,300 

o7 

*'8 

3 

7.069 

39,800 

53,000 

58,300 

66,300 

3 

3i 

7.670 

44,900 

59.900 

65,900 

74,900 

3h 

3i 

8.296 

50,600 

67,400 

74,10c 

84,300 

3i 

3f 

8.946 

56,600 

75,500 

83,000 

94,400 

3| 

3j' 

9.621 

63,100 

84,200 

92,600 

105,200 

3’ 

3l 

10.321 

70, 100 

93,500 

102,900 

1 16,900 

3f 

3f 

11.045 

77.700 

103,500 

113,900 

129,400 

3f 

3s 

11.793 

85.700 

114,200 

125,600 

142,800 

Jg 

4 

12. 566 

94,200 

125,700 

138,200 

157,100 

4 

4^ 

13.364 

103,400 

137,800 

151,600 

172,300 

4i 

4t 

14.186 

1 13,000 

150,700 

165,800 

188,400 

4l 

4| 

15.033 

123,300 

164,400 

180,800 

205,500 

4| 

4i 

15.904 

134,200 

178,900 

196,800 

223,700 

4l 

4| 

16.800 

145.700 

194,300 

213,700 

242,800 

4ff 

4f 

17.721 

157.800 

210,400 

231,500 

263,000 

4f 

4ff 

18.665 

170,600 

227,500 

250,200 

284,400 

4g 

5 

19.635 

184,100 

245,400 

270,000 

306,800 

5 

sh 

20.629 

198,200 

264,300 

290, 700 

330,400 

si 

si 

21.648 

213,  100 

284,100 

312,500 

355,200 

5f 

5| 

22.691 

228,700 

304,900 

335,400 

381,100 

5 s 

5| 

23.758 

245,000 

326,700 

359,300 

408,300 

5j 

5| 

24.850 

262, 100 

349,500 

384,400 

436,800 

5i 

5f 

25.967 

280,000 

373,300 

410,600 

466,600 

5f 

5| 

27.  109 

298,600 

398,200 

438,000 

497.700 

5| 

G 
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RESISTING  MOMENTS  OF  I’INS — Continued, 


Moments  in  Inch-Pounds  for  Fiber 

Stresses  of 

Diame- 

Area  of 

Diame- 

ter  of 

Pin  in 

15,000  lb. 

20,000  lb. 

22,000  lb. 

25,000  lb. 

ter  of 

Pin  in 

Square 

Pin  in 

Inches. 

Inches. 

per  Square 

per  Square 

per  Square 

per  Square 

Inches. 

Inch. 

Inch. 

Inch. 

Inch. 

f) 

28.274 

318,100 

424,100 

466,500 

530,200 

6 

61 

29.465 

338,400 

451,200 

496,300 

564,000 

6-^ 

30.680 

359,500 

479,400 

527,300 

599,200 

6-1 

31-919 

381,500 

508,700 

559,600 

635,900 

6| 

f)’> 

33-183 

404,400 

539,200 

593,100 

674,000 

6.1 

34-472 

428,200 

570,900 

628,000 

713,700 

6& 

35-785 

452,900 

603,900 

664,200 

754,800 

6f 

37.122 

478,500 

638,000 

701,800 

797,500 

6| 

7 

38.485 

505,100 

673,500 

740,800 

841,900 

7 

1\ 

39-871 

532,700 

710,200 

781,200 

887,800 

Ih 

7{ 

41.282 

561,200 

748,200 

823,000 

935,300 

7| 

>8 

42.718 

590,700 

787,600 

866,300 

984, 500 

7| 

i\ 

44.179 

621,300 

828,400 

91 1,200 

1,035,400 

7| 

1% 

45.664 

652,900 

870,500 

957,500 

1,088, 100 

7| 

7| 

47-173 

685,500 

914,000 

1,005,300 

1. 142,500 

7f 

ll 

48.707 

719,200 

958,900 

1,054,800 

1,198,700 

ll 

8 

50. 265 

754,000 

1,005,300 

1,105,800 

1,256,600 

8 

51.849 

789,900 

1,053,200 

1,158,500 

1,316,500 

81 

53-456 

826,900 

1, 102,500 

1,212,800 

1,378,200 

8i 

55-088 

865,100 

1,153,400 

1,268,800 

1,441,800 

8‘ 

56.745 

904,400 

1,205,800 

1,326,400 

1,507,300 

8.1 

8| 

58.426 

944,900 

1,259,800 

1,385,800 

1,574,800 

8| 

60. 132 

986,500 

1,315.400 

1,446,900 

1,644,200 

8f 

C7 

61.862 

1,029,400 

1,372,500 

1,509,800 

1,715,700 

9 

63.617 

1,073,500 

1,431,400 

1,574,500 

1,789,200 

9 

9l 

65-397 

1,118,900 

1,491,900 

1,641, 100 

1,864,800 

9i 

9^ 

67.201 

1,165,500 

1,554,000 

1,709,400 

1,942,500 

9| 

9| 

69.029 

1,213,400 

1,617,900 

1,779,600 

2,022,300 

9f 

9?2 

70.882 

1,262,600 

1,683,400 

1,851,800 

2,104,300 

9i 

9| 

72.760 

1,313,100 

1,750,800 

1,925,900 

2,188,500 

9| 

9| 

74.662 

1,364,900 

1,819,900 

2,001,900 

2,274,900 

9f 

9^ 

76. 590 

1,418,100 

1,890,800 

2,079,900 

2,363,500 

9| 

10 

78.540 

1,472,600 

1,963,500 

2,159,900 

2,454,400 

10 

lOf 

82.520 

1,585,900 

2,114,500 

2,325,900 

2,643, 100 

lOj 

lu.*- 

86. 590 

1,704,700 

2,273,000 

2,500,200 

2,841,200 

lol 

lOj 

90. 760 

1,829,400 

2,439,300 

2,683,200 

3,049,100 

lof 

II 

95.030 

1,960,100 

2,613,400 

2,874,800 

3,266,800 

II 

99.400 

2,096,800 

2,795.700 

3,075,400 

3,494,800 

lU 

lU 

103.870 

2,239,700 

2,986,300 

3,^84,800 

3,732,800 

III 

12 

I 13.  100 

2,544,700 

3,392,900 

3,732,200 

4,241 ,200 

12 
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])  EFFECT  I ON  OF  3JEAMS. 


Description. 


Mode  of  Loading. 

Lengths  in  Inches.  Loads  in  Pounds. 


Greatest  Deflection 
in  Inches. 


One  end  firm- 
ly fixed,  other 
end  loaded. 


Supported  at 
both  ends,  load- 
ed at  the  center. 


Supported  at 
both  ends,  load- 
ed any  place. 

One  end  fixed, 
other  end  sup- 
ported, loaded 
at  center. 

Both  ends 
fixed,  loaded  at 
center. 

Loaded  at 
each  end,  two 
s u p o r t s be- 
tween ends. 

Both  ends 
supported,  two 
symmetrical 
loads. 

One  end  fixed, 
load  uniformly 
distributed. 

Both  ends 
supported,  load 
uniformly  dis- 
tributed. 


Q 

w 


„ 

— L 

ir- 

ir/j 

ZEJ 


IV IJ 
4H  El 


//  a {2L  — (7)^ 
27  LEI  ■ 


3 WIE 
322  El 


ir/j 

192  El 


For  overhang: 
a 

137^  (3  a L-\  a^) 
Between  supports: 

IVa 
48  A/ 


(3  Z,"  - 4 


IV 

8 AV 


5 IV IJ 
384  A/ 


G 
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DEFLECTION  OF  B'EAMS—Conimucd. 


Description. 


Mode  of  Loading. 

Lengths  in  Inches.  Loads  in  Pounds. 


Greatest  Deflection 
in  Inches. 


Both  ends 
fi.xed,  load 
uniformly  dis- 
tributed. 


W I? 
384  A/ 


One  end  fi-xed, 
load  distribu- 
ted, increasing 
uniformly  to- 
wards the  fixed 
ends. 


\VI^ 
15  A/ 


Both  ends 
supported,  load 
distributed,  in- 
creasing u n i- 
formly  towards 
the  center. 


IV  U 
m El 


Both  ends 
supported,  load 
distributed,  de- 
creasing u n i- 
formly  towards 
the  center. 

Both  ends 
supported,  load 
increasing  uni- 
formly towards 
one  end. 


3 WIJ 
320  A'/ 


47  ffVA 
3,(!00  A'/ 
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§6 


MODI  LI  OF  FLASTICITY. 

METAI.S. 

Iron  (cast), 12,000,000 

Iron  (wrought  shapes), 27,000,000 

Iron  (rerolled  bars), 26,000,000 

Steel  (casting), 30,000,000 

Steel  (structural), 29,000,000 


TIMHKU. 

Chestnut, 1,000,000 

Cypress, 900,000 

Cedar, 700,000 

Hemlock, 900,000 

Oak  (White) 1,100,000 

Pine  (White), 1,000,000 

Pine  (Southern,  Long-leaf,  or  Georgia 

Yellow  Pine), 1,700,000 

Pine  (Douglass,  Oregon,  and  Washing- 
ton Fir,  or  Yellow  Pine),  . . . 1,400,000 

Pine  (Northern  Short-leaf  Yellow 

Pine), 1,200,000 

Pine  (Red), 1,200,000 

Pine  (Norway),  ........  1,200,000 

Pine  (Red,  Ontario,  Canadian),  . . . 1,400,000 

Redwood  (California), 700,000 

Spruce  and  Eastern  Fir, 1,200,000 

Spruce  (California), 1,200,000 
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IV 

4 


BLARING  POWLll  OF  SOILS,  FTC. 


Kind  of  Material. 

Minimum. 
Tons  ])er 
Sq.  Ft. 

Maximum. 
Tons  per 
Sq.  Ft. 

Rock,  hardest  in  native  bed 

300 

— 

Rock,  equal  to  best  ashlar  masonry. . . 

25 

40 

Rock,  equal  to  best  brick 

15 

20 

Clay,  dry,  in  thick  beds 

4 

6 

Clay,  moderately  dry,  in  thick  beds.  . 

4 

6 

Clay,  soft 

I 

2 

Gravel  and  coarse  sand  well  cemented. 

8 

10 

Sand,  compact  and  well  cemented.. . . 

4 

6 

Sand,  clean,  dry 

2 

4 

Quicksand,  alluvial  soils,  etc 

0-5 

I 

STKFNGTII  OF  BRICK  MASONRY. 


Permissible  Load. 

Materials. 

Pounds  per 
Sq.  In. 

Tons  per 
Sq.  Ft. 

Eastern  Brick. 

Hard  burned  brick,  laid  in 

good  lime  mortar 

1 00-140 

7-10 

Same,  laid  in  i to  2 Rosendale 

cement  mortar 

19s 

14 

Same,  laid  in  i to  3 Rosendale 

cement  and  lime  mortar 

Same,  laid  in  i to  2 Portland 

150-165 

io|-i if 

cement  mortar 

210 

15 

Western  Brick. 

Hard  burned  brick,  laid  in  i 

to  2 Louisville  mortar 

145 

1 0^ 

Same,  laid  in  i to  2 Portland 

cement  mortar 

175 

I 24 

2 
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§7 


THICKNESS  IN  INCHES  OF  W ALES  FOR 
AV  AREHOFSES,  ETC. 


Height 

Stories. 

of 

City. 

Building. 

1st. 

2d. 

,3d. 

•4th. 

5th. 

Gth. 

7th 

Two 

Boston, 

i6 

I 2 

Stories, 

New  York, 

I 2 

I 2 

Chicag'o, 

I 2 

I 2 

Minneapolis, 

I 2 

I 2 

Memphis, 

l8 

13 

Denver, 

13 

13 

Three 

Boston, 

20 

16 

16 

Stories, 

New  York, 

16 

16 

I 2 

Chieago, 

16 

I 2 

I 2 

Minneapolis, 

16 

I 2 

I 2 

Memphis, 

2 2 1 

18 

13 

Denver, 

17 

13 

•3 

Four 

Boston, 

20 

16 

16 

16 

Stories, 

New  York, 

16 

16 

16 

I 2 

Chicago, 

20 

16 

16 

I 2 

Minneapolis, 

16 

1 6 

1 2 

I 2 

Memphis, 

27 

22I 

18 

13 

Denver, 

2 I 

17 

13 

13 

Five 

Boston, 

20 

20 

20 

20 

16 

Stories, 

New  York, 

20 

16 

16 

16 

16 

Chicago, 

20 

20 

16 

16 

16 

Minneapolis, 

20 

16 

16 

I 2 

I 2 

Memphis, 

31  ? 

27 

22-^ 

18 

13 

Denver, 

21 

21 

17 

17 

13 

Six 

Boston, 

24 

20 

20 

20 

20 

I 6 

Stories, 

New  York, 

24 

20 

20 

20 

1 6 

16 

Chicago, 

20 

20 

20 

16 

16 

16 

Minneapolis, 

20 

20 

16 

16 

16 

I 2 

Memphis, 

36 

31 2 

27 

2 2v 

18 

13 

\ 

Denver, 

26 

21 

2 1 

17 

17 

13 

Seven 

Boston, 

24 

20 

20 

20 

20 

20 

16 

Stories, 

New  York, 

28 

24 

24 

20 

20 

1 6 

16 

Chicago, 

20 

20 

20 

20 

16 

16 

16 

Minneapolis, 

20 

20 

20 

16 

16 

1 6 

1 2 

Memphis, 

4oi 

36 

27 

2 2^ 

18 

>3 

Denver, 

26 

21 

2 1 

21 

17 

17 

17 

7 
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TIirCKNKSS  IX  INCHES  OF  WALLS  FOR 
WA HFIIOFSES,  FTC. — Conti7iued. 


Height 

Stories. 

of 

City. 

Building. 

1st. 

•2d. 

3d. 

■4th. 

,5th. 

(ith. 

Tth. 

8th. 

9th. 

10th. 

Eight 

Boston, 

28 

24 

20 

20 

20 

20 

20 

16 

Stories, 

New  York, 

32 

28 

24 

24 

20 

20 

16 

1 6 

Chicag'o, 

24 

24 

20 

20 

20 

1 6 

1 6 

16 

•Minneapolis, 

24 

20 

20 

20 

16 

16 

16 

1 2 

Memphis, 

45 

4°i 

36 

31-i 

27 

2 2.1 

18 

13 

I )enver, 

30 

26 

2 I 

2 I 

2 I 

17 

17 

17 

Nine 

Boston, 

28 

24 

24 

20 

20 

20 

20 

20 

1 6 

Stories, 

New  York, 

32 

32 

28 

24 

24 

20 

20 

1 6 

1 6 

Chicag’o, 

24 

24 

24 

20 

20 

20 

1 6 

16 

16 

Minneapolis, 

24 

24 

20 

20 

20 

16 

16 

1 6 

I 2 

Memphis, 

49^ 

45 

40I 

36 

3 I 2 

27 

22.1 

18 

13 

Denver, 

30 

26 

26 

2 I 

2 I 

2 I 

17 

17 

17 

Ten 

Boston, 

28 

28 

24 

24 

20 

20 

20 

20 

20 

16 

vStories, 

New  York, 

36 

32 

32 

28 

24 

24 

20 

20 

16 

1 6 

Chicago, 

28 

28 

24 

24 

24 

20 

20 

20 

16 

1 6 

Minneapolis, 

24 

24 

24 

20 

20 

20 

16 

16 

16 

1 2 

Memphis, 

54 

49i 

45 

40  1 

36 

3 4 

27 

22.1 

1 8 

13 

I )enver. 

30 

30 

26 

26 

2 1 

2 1 

2 1 

17 

17 

17 

TIITCTvNFSS  OF  FOUNDATION  WALLS. 


Height  of  Building. 

Dwellings,  Hotels,  Etc. 

Warehouses. 

Brick. 

Inches. 

Stone. 

Inches. 

Brick. 

Inches. 

Stone. 

Inches. 

Two  stories 

12  or  16 

20 

16 

20 

Three  stories 

16 

20 

20 

24 

Four  stories 

20 

24 

24 

28 

Five  stories 

24 

28 

24 

28 

Six  stories 

24 

28 

28 

32 

7-3 
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§8 


ULTIMATE  CRUSHING  STRENGTH  OF  STONE. 


Kinds  of  Stone. 

Strength,  Lb. 
per  Sq.  In. 

Granites — 

Staten  Island,  blue 

Maine 

Quincy,  Mass 

Richmond,  Va 

Cape  Ann,  Mass 

Westerly,  R.  I 

Fall  River,  Mass 

Duluth,  Minn 

Marydand  Granite  Co 

Lhncstones — 

22.250 
15,000 

17,750 

21.250 
3 12,420 
( 19,500 

14.940 

15.940 
17,750 
19,430 

Glens  Falls,  N.  Y 

Lake  Champlain,  N.  Y 

Kingston,  N.  Y 

Joliet,  111 

Lime  Island,  Mich 

Bardstown,  Ky 

Cooper  Co.,  Mo 

North  River  bluestone 

Marbles — 

11,475 
25,000 
20, 700 
16,900 
j 23,000 
( 18,000 
16,250 
6,650 
19,820 

East  Che.ster,  N.  Y 

Italian  common 

Dorset,  Vt 

Proctor’s,  Vt. , blue 

Lee,  Mass.,  white 

Mill  Creek,  111.,  drab 

North  Bay,  Wis.,  drab 

13,500 

13,060 

7,610 

14,410 

13,440 

9,700 

20,000 
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8 


ULTIMATE  CIIUSIIING  STKENGTII  OF  STOKE— 

Continued. 


Kinds  of  Stone. 


Strength,  Lb. 
per  Sq.  In. 


Sandstones — 

Little  Falls,  N.  Y.,  brown.  . . , 
Belleville,  N.  J.,  gray  and  red 
Middletown,  Conn. , brown. . . . 

Haverstraw,  N.  Y.,  red 

Medina,  N.  Y. , pink 

Berea,  O.,  drab 

Vermilion,  O. , drab 

Marquette,  Mich.,  gray 

Seneca,  O.,  red  brown 

Cleveland,  O.,  olive  green. . . . 

Albion,  N.  Y.,  brown 

Kasota,  Minn.,  pink 

Frontenae,  Minn.,  light  buff., 
Dorchester,  N.  B.,  freestone., 
Massillon,  O. , yellow  drab.  . . , 
Warrensburg,  Mo.,  blue  drab. 


9.850 

1 1. 700 

6,950 

4,350 

17.700 

7.250 
10,250 

8.850 

7,450 
9,700 
6, 800 
13,500 

10. 700 

6.250 

9,150 

8,750 

5,000 


AVEIGIIT  OF  STOKE. 

The  following  are  average  weights  of  stone  of  the  cla.^s 
mentioned,  per  cubic  foot: 


Marble,  in  blocks 170  pounds. 

Limestone,  in  blocks 158  pounds. 

Granite,  in  blocks 167  po;mds. 

Sandstone,  in  blocks 139  pounds. 

Slate,  in  blocks 174  pounds. 


The  New  York,  Boston,  and  Chicago  building  laws  give 
the  weight  of  building  stone  of  all  kinds,  when  laid  in  the 
wall,  at  165  pounds  per  cubic  foot,  which  is  near  enough  for 
most  computations. 
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§8 


SAFE  liEAUIN(;  EOADS  OF  INIASOXKY. 


Kind  of  Masonry. 

Bearing  Value 
per  Sq.  Ft. 

Concrete 

5 to  1*5  tons. 
5 to  15  tons. 
15  to  20  tons. 
10  to  20  tons. 
20  to  25  tons. 

Rubble 

Squared  stone,  d-inch  joints 

Sandstone  ashlar,  ^-inch  joints 

Limestone  ashlar,  ]-inch  joints 

Ciranite  ashlar,  ^-inch  joints | 25  to  30  tons. 


SAFE  LOADS  ON  STONE  COLFMNS. 

A column  of  good  stone,  which  is  carefully  set  and  has 
well  dressed  bearing  surfaces,  should,  if  its  height  is  not  over 
10  times  its  diameter,  safely  carry  a load  about  one-fifteenth 
of  the  breaking  load  of  stone  of  the  same  quality.  The  fol- 
lowing gives  the  safe  bearing  values  for  different  kinds  of 
.stone  columns,  when  the  shaft  eonsists  of  a single  piece : 


Kind  of  Stone. 

Load  per  Sq.  Ft. 

Sandstones — 

Potsrinm  N V , best 

40  tons. 
35  tons. 
25  to  30  tons. 
25  tons. 

T ,on o'me;uh)vvq  l\la.ss  , best  

Afnnitf^ii  Col  , best 

( )hio 

k’ond  fill  T.a(',  Wis 

25  tons. 

35  tons. 
25  to  35  tons. 

40  tons. 

Limestones — 

Glens  Falls  N.  Y 

T n fli  a n fl 

Marble — 

Good  quality 
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I>UIlAi;iLITY  OF  IJUILDINt;  STONE. 


Brownstone,  coarse 5 to  15  years. 

Brownstone,  fine  laminated 20  to  50  years. 

Brownstone,  compact 100  to  200  years. 

Blnestone  (blue  shale) 100  to  200  years. 

Sandstone,  Nova  Scotia 50  to  100  years. 

Limestone,  Ohio,  best  silicious.  . . 100  to  200  years. 

Limestone,  coarse  fossiliferous.  . . 20  to  40  years. 

Limestone,  oolitic 30  to  40  years. 

Marble,  coarse  dolomite 40  to  50  years. 

Marble,  fine  dolomite 50  to  100  years. 

Granite 75  to  200  years. 

Gneiss  50  to  200  years. 


WEKJHTS  AND  SPANS  OF  TILE  AltCTJES. 


Dense  Tile. 


Depth 

in 

Inehes. 

Span  in 
Feet. 

Weight  in 
Pounds  per 
Square  Foot. 

6 

22-29 

7 

4 -4h 

27-32 

8 

4-H2- 

30-35 

9 

5 “Sf 

32-37 

I 0 

5^6|■ 

34-41 

1 2 

6f-7^ 

37-42 

Porous  Tile — End  Method. 

Depth 

in 

Inehes. 

Span  in 
Feet. 

Weight  in 
Pounds  per 
Square  Foed. 

6 

3-5 

2 1 

7 

54- 

24 

8 

4-6 

27 

9 

44-  (">4 

30 

1 0 

5 - 7 

33 

1 2 

6-8 

37 

15 

7 V- 1 0 

43 

WEIGHT  PEll  SQUARE  FOOT  OF  SEGMENTAL  TILE 

ARCTIES. 


Depth. 

Safe  Span. 

Weight. 

4 inches. 

8 feet. 

20  pounds. 

6 inches. 

16  feet. 

30  pounds. 

8 inches. 

20  .feet. 

40  pounds. 
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§8 


COST  OF  PLASTERIXG. 


Description  of  Work. 

Average  Co 
per  Squa 

New  York. 

St  in  Cents, 
ire  Yard. 

St.  Louis. 

* Two-coat  work  on  brick  or  tile 

30  to  35 

17  to  20 

* Three-coat  work  on  wood  lath 

35  to  40 

20  to  25 

* Three-coat  work  on  stiffened  wire 

lath  1 

70 

55  to  60 

* Three-coat  work  on  expanded  metal  \ 

70 

55  to  60 

f Windsor  cement  or  Adamant  on  brick 

or  tile 

40 

f Acme  or  Royal  cement  on  brick  or 

tile 

40 

22  to  25 

f Windsor  cement  or  Adamant  on  stif- 

fened  wire  lath  | 

75 

f Acme  or  Royal  cement  on  stiffened 

wire  lath  | 

75 

60 

Cost  of  stiffened  wire  lath  on  wood 

joist,  about  

35 

Cost  of  expanded  metal  on  wood  joist, 

about  

25 

30 

Cost  of  perforated  metal  lath  on  wood 

joist  

25 

Stucco  cornices  less  than  1 2-inch  g-irth. 

per  lineal  foot 

20 

20 

When  more  than  12-inch  girth,  per 

square  foot 

24 

20 

* Lime  mortar,  the  last  coat  white  finish, 
f Finished  with  lime  putty  and  plaster. 

I When  applied  on  wood  joists  or  furring.  When  applied  over 
metal  furrings,  the  cost  is  about  20  cents  per  yard  more. 

Enrichments  cost  from  8 cents  up  per  lineal  foot  for  each 
member. 


SIZES  OF  TIMBER  USED  IN  BUILDING  CONSTRUCTION 


S 9 
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§ 10 

SIZES  ANT)  NI  MBEIl  OF  I’ANES  IN  A BOX  OF 
WINDOW  OBASS. 


Size  in 
Inches. 

Panes 
in  Box. 

Size  in 
Inches. 

Panes 
in  Box. 

Size  in 
Inches. 

Panes  | 
in  Box.  j 

Size  in 
Inches. 

Panes 
in  Box. 

6X  8 

1 

150 

12X19 

1 

32  1 

16X20 

23 

24X44 

7 

7X  9 

115 

12X20 

30 

16X22 

20 

1 24X  50 

6 

8 X lo 

90 

12X21 

29 

16  X 24 

19 

24X  56 

5 

8X  II 

82 

12X22 

27 

16  X 30 

15 

1 26  X 36 

8 

8X12 

75 

I 2 X 23 

26 

16X36 

I 2 

26  X 40 

7 

9X10 

80 

12  X 24 

25 

16  X 40 

1 1 

26  X 48 

6 

9 X I I 

72 

13  X 14 

40 

18X20 

20 

26X  54 

5 

9X12 

67 

13X  15 

37 

18X22 

18 

s 28X34 

8 

9X13 

62 

1 3 X 16 

35 

18  X 24 

17 

28  X 40 

6 

9X14 

57 

13X17 

33 

18X26 

15 

28  X 46 

6 

9X15 

53 

13X18 

31 

18  X 34 

1 2 

! 28  X 50 

5 

9X16 

50 

1 3 X 19 

29 

18  X 56 

1 1 

30X40 

6 

10  X 10 

72 

13  X 20 

28 

18  X40 

1 0 

30  X 44 

4 

10X12 

60 

13X21 

26 

18  X 44 

9 

30X48 

5 

1 0 X 13 

55 

13X22 

25  j 

20  X 22 

16 

30X  54 

5 

10X14 

52 

13  X 24 

23  1 

20  X 24 

15 

32X42 

5 

10X15 

48 

''4X15 

34  1 

20  X 25 

14 

32X44 

5 

10X16 

45 

14X16 

32  ' 

20  X 26 

14 

32  X 46 

5 

10X17 

42 

1 4 X 18 

29 

20  X 28 

13 

32X48 

5 

10X18 

40 

14X19 

27 

20  X 30 

1 2 

32  X 50 

4 

1 I X 1 1 

59 

I4X  20 

26 

20X34 

1 1 

I 32X54 

4 

I I X I 2 

55 

I4X  22 

23 

20  X 36 

10 

32  X 56 

4 

1 1 X 1 3 

50 

I4X  24 

22 

20  X 40 

9 

32  X 60 

4 

1 1 X 14 

47 

14  X 28 

18 

20  X 44 

8 

34X  40 

5 

I I X 15 

44 

14X32 

16 

20  X 50 

7 

34X44 

5 

1 1 X 1 6 

41 

•4X36 

14 

22  X 24 

14 

34  X 46 

5 

1 1 X I 7 

39 

14X40 

13 

22X26 

13 

34  X 50 

4 

11X18 

3O 

15X16 

30 

22  X 28 

1 2 

34X  52 

4 

T 2 X I 2 

50 

15X18 

27 

22  X 36 

9 

34X  56 

4 

I 2 X 13 

46 

15  X 20 

24 

22  X 40 

8 

! 36  X 44 

5 

12X14 

43 

15X22 

22 

22  X 50 

7 

36  X 50 

4 

12X15 

40 

15  X 24 

20 

24X  28 

1 1 

36X  56 

4 

12X16 

38 

15x30 

16 

24X30 

1 0 

36  X 60 

3 

12X17 

35 

15X32 

15 

24X32 

9 

36  X 64 

3 

12X18 

33 

16X18 

25 

24X36 

8 

40  X 60 

3 
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§ 13 


AVKIGIIT  AXI>  TIIICKXRSS  OF  HOOFING 
MATElllALS. 


SIIKET  IKOX. 


Gauge 

Number. 

Thickness. 

Inches. 

Weight  per  Square  Foot.  Pounds. 

Galvanized. 

Black. 

i6 

.065 

3.00 

2.61 

17 

.058 

2 . 69 

2-33 

18 

.049 

2.31 

I 97 

19 

. 042 

2 . 07 

I . 69 

20 

•035 

1 75 

I . 40 

2 1 

• 032 

1-50 

1 . 28 

22 

.028 

1 32 

1.12 

23 

.025 

1 . 19 

I . 00 

24 

.022 

1 . 06 

.88 

25 

. 020 

1 . 00 

. 80 

26 

.018 

.96 

.72 

27 

.016 

.88 

.64 

28 

.014 

•75 

•56 

C'OIM'EH. 


Gauge 

Number. 

Thickness. 

Inches. 

Weight  per 
Square  Foot. 
( )unces. 

29 

.0134 

10 

27 

.0161 

I 2 

26 

.0188 

14 

24 

.0215 

1 6 

23 

.0242 

18 

22 

. 0269 

20 

ZIXC. 


13 

.0311 

10 

14 

• 0457 

1 2 

15 

■ 0534 

14 

16 

.0611 

16 

17 

. 0686 

18 

18 

.0761 

20 

38 
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SHEET  EEAI). 


Thickness. 

Inches. 

Nearest  Simple 
F Faction. 

Weight. 
Pounds  per 
Square  Foot. 

.068 

1 

1 6 

4 

.085 

' 5 

5 

.101 

3 

32 

6 

.118 

7 

•135 

1 

8 

8 

.152 

9 

6T 

9 

SLATE. 


Thickness. 

Inches. 

W eight  per  Sq.  F t. 
Pounds. 

Thickness. 

Inches. 

W eight  per  Sq.  Ft. 
Pounds. 

1 

8 

1.82 

1 

2 

7.  28 

3 

1 6 

2-73 

5 

8 

9.06 

1 

T 

364 

3 

T 

00 

d 

3 

8 

5-46 

I 

14.50 

FLl  XK8. 


Flux. 

Metals  to  be  Joined. 

Rosin 

Lead,  tin,  or  tinned  metals; 
used  with  blowpipe. 

Tallow 

Copper  and  iron; 

used  with  blowpipe  or  bit. 

Sal  ammoniac 

Dirty  zinc; 

used  with  copper  bit. 

Muriatic  acid  or 

Clean  zinc,  copper,  tin,  or  tinned  metals; 

Hydrochloric  acid.  . 

used  with  bit  or  blowpipe. 

Chloride  of  zinc. . . . 

Lead  and  tin  tubes; 

used  with  eopper  bit  or  blowpipe. 

Borax 

Iron,  steel,  copper; 
used  with  blowpipe. 

39 
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COMPOSITIONS  AND  FUSING  POINTS  OF  SOUDER. 


Kind. . 

Hard. 

Soft. 

Fusing 

Point. 

Zinc. 

Copper. 

Silver. 

a 

h 

Lead. 

Bismuth. 

Spelter,  hardest 

I 

0 

0 

0 

Spelter,  hard 

2 

3 

S5°° 

Spelter,  soft 

I 

I 

Spelter,  fine 

2 

2 

1 

4 

Silver,  hard 

I 

4 

Silver,  medium 

I 

-y 

0 

Silver,  soft 

I 

2 

Plumbers’,  coarse 

I 

'y 

0 

0 

oc 

Plumbers’,  ordinary  .... 

I 

2 

441° 

Plumbers’,  fine 

2 

3 

400° 

Tinners’ 

I 

1 

0 

0 

For  tin  pipe 

3 

2 

330° 

For  tin  pipe 

4 

4 

I 

MINIMl^M  PITCHES  FOR  ROOFS  OF  DIFFERENT 
MATERIALS. 


Material. 

Pitch. 

Inches  to  the  Foot. 

Asphalt  and  composition 

Tin 

1 

2" 

% 

« 

8 

1 

T 

1 

2 
1 
2 
3 
8 

6 

4 

4 

4 

Zinc 

Corrug'ated  iron 

Sheet  iron 

Copper 

Lead 

Thatch 

Shingles 

Slate  

Tiles,  terra  cotta  or  copper 

40 
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TIN  PEATE. 


Size. 

Inches. 

Grade. 

.Sheets  in  Box. 

Eh.  in  Box. 

Gauge. 

I 4 X 20 

IC 

1 I 2 

I13 

29 

14  X 20 

IX 

1 1 2 

143 

27 

14  X 20 

IXX 

1 1 2 

162 

26 

14  X 20 

IXXX 

1 1 2 

182 

25 

14X  20 

TXXXX 

I I 2 

202 

24 

20  X 28 

IC 

1 I 2 

224 

29 

20  X 28 

IX 

1 I 2 

2 So 

27 

20  X 28 

IXX 

I I 2 

322 

26 

4'krne  Plate. 


14  X 20 

IC 

1 I 2 

1 1 2 

29 

T4X  20 

IX 

1 T 2 

1 40 

27 

20  X 28 

IC 

1 1 2 

224 

29 

20  X 28 

IX 

I T 2 

280 

27 

EE  A PEP  PIPES, 

The  followinf^  table  shows  the  lenj^th  and  diameter  of 
leader  pipes  made  from  stock  sizes  of  tin,  and  the  length 
of  ])ipe  that  may  he  made  from  i box  of  tin: 


Sheets. 

Boxes. 

Diameter 

Number 

Size  of 

Length  of 

Number 

Length 

of  Pipe  in 

of 

Sheets  in 

Pipe  in  Feet 

Sheets 

of  Pipe 

Inches. 

Sheets. 

Inches. 

and  Inches. 

in  Bo.x. 

in  Feet. 

6i 

;> 

I 

14  X 20 

c id" 

I I 2 

I 26 

4i 

I 

14X  20 

7d" 

1 1 2 

181 

4 

2 

14X  20 

3'  3" 

I I 2 

j 82 

3i 

I 

14X  20 

2'  3" 

112 

252 

2i 

I 

14X  20 

3'  4V 

1 1 2 

378 
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^ in 


SEMK  IRCI  LAU  RAVES  (JETTERS. 


Sheets. 

Boxes. 

Girth. 

Inches. 

Number 

of 

Slieets. 

Size  of 
Sheets. 
Inches. 

Length  of 
Gutter  in 
Feet  and 
Inches. 

Number 
Sheets 
in  Box. 

Length 

of 

Gutter. 
F eet. 

I 

14  X 20 

u iV' 

I I 2 

1 26 

13 

] 

14  X 20 

7i" 

I I 2 

182 

C <)RRl  (JA TED  SHEET  IRON  REQIDRED  TO  EAA' 
ONE  SQUARE. 


Side  Lap. 


One  Corru- 
gation Lap. 

One  and 
One-Half 
Corruga- 
tion Lap. 


O Cj 

CJ  be 


i-Vin. 


fin 


Length  of  End  Lap. 


I in. 

2 in. 

3 in. 

4 in. 

5 in. 

6 in. 

1 10  ft. 

Ill  ft. 

I I 2 ft. 

1 13  ft. 

1 14  ft. 

1 15  ft. 

1 10  ft. 

Ill  ft. 

1 12  ft. 

1 13  ft. 

114  ft. 

1 15  ft. 

105  ft. 

106  ft. 

107  ft. 

108  ft. 

109  ft. 

1 10  ft. 

CORRUGATED  SHEET  IRON. 


Width  of 
Corrugation. 
Inches. 

Depth  of 
Corrugation. 
Inches. 

Number  of 
Corrugations 
to  Sheet. 

Width  of 
Sheet  after 
Corrugation. 
Inches. 

Covering 
Width  after 
Lapping  One 
Corrugation. 
Inches. 

T to  f 

10 

26 

24 

I 

26 

24 

3 

4 

1 

4 

34| 

26 

25 
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AREA  ('OVKIlEn  IJV  SIIIXGLES. 


Exposure 
to  the 
Weather. 
Inches. 

Number  of  Square 
Feet  of  Roof  Covered 
by  1,000  Shingles. 

Number  of  Shingles 
Required  for  100  Square 
Feet  of  Roof. 

4 Inches 
Wide. 

6 Inches 
Wide. 

4 Inches 
Wide. 

6 Inches 
Wide. 

4 

1 1 1 

167 

900 

600 

5 

139 

208 

7 20 

480 

6 

167 

250 

600 

400 

7 

194 

29 1 

514 

343 

8 

222 

333 

450 

300 

Mi:r/riA(i  temreiiatures  of  roofixc;  metals. 


Metal. 

Melting 

Temperature. 

Tin 

446° 
2, 100° 
680° 
626° 

2,732° 

Copper 

Zinc 

Lead 

Wroitght  iron 

The  melting-  point  varies  greatly,  according  to  the  purity 
of  the  metal,  while  the  melting  points  of  alloys  vary  with 
their  composition. 


( T'HREXT  ItEQl  IRED  liX  IXCAXDESCFXT  LAMPS. 


Candlepower. 

E.  M.  F. 

of  Line. 

no  Volts. 

55  Volts. 

16 

.5  ampere. 

1 ampere. 

32 

i.o  ampere. 

2 amperes. 

50 

1.5  amperes. 

3 amperes. 

TOO 

3.0  amperes. 

6 amperes. 

AMKHICAX,  OR  R.  & S.,  AVIRK  C;AIA;E 
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f^o  O LOMXO  CNOX  « XXO  X»-^0  LO 


LO  r>*  X “t 
M X 
ro  O vO 


LOX  C^LOXX  M roX  Lor--’^M  lo 
rpioxO  M roo  OO  XOXO 
<00X0  LO-^XM  M M ^ 


rO«  C^'^X  -^rOM  M 0X0  r-X  <Olom 
XOOOXLoO^OX  C^X  LO  XX  t^O 


C^  M M O 

X O O LO  o 

O X X M M 


CNO 
X M 


M 

t'-  o 


Cn  H-.  -i“  Cn  X M 

X <“0  M M 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

m 

0 

0 

0 

X 

0 

Cn 

1-  CO 

r— 

CNO 

’i- 

ro 

r--  X 

J>- 

X 

u <u 

CN 

Cn 

fO 

X 

rO 

rO  X 

CN 

hi 

•+  0 

X 

XO 

M 

0 

c3  0 

^ , 

i-t 

LO 

CN 

ro 

CnO 

X 

CN 

M 

hi 

n 

0 

0 

X 

0 

H 

M 

X 

M 

hi 

C'J 

X 

0 

0 

CJ 

0 

X 

0 

X 

X 

cr  G 

0 

X 

0 

X 

0 

X 

X 

M 

M 

11 

1 

1 

0 

0 

0 

0 

0 

in  ^ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•< 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

U 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CN 

1-  CO 

c3  . 

d 

X 

CN 

M* 

M" 

X 

-i- 

M 

(^1 

0 

CN 

'4‘ 

1 

CnX 

0 

^ ' 

0 

0 

c^ 

CN 

r-^ 

ro 

T 

0 

X 

hi 

0 

0 X 

X 

M 

0 

0 »— • 
t-. 

0 

X 

0 

xo 

X 0 

I-* 

M 

X 

X 

0 

X 

M 

X 

hi 

hi 

0 

hH 

X 

X 

xo 

M 

hi 

XO 

0 

0 

X 

0 

X 

0 

X 

hi 

0 

X 

0 

CO 

0 

X 

X 

M 

M 

HI 

Hi 

Hi 

M 

HH 

^ . hi 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 

0 

M X 

1 ^ 

0 

0 

X 

0 

X 

M 

hi 

M 

X CN 

X 

CC^ 

1-  0 

0 X 

CD  w H 

0 

0 

X 

C3N 

too 

X 

c^  0 

M Tt* 

CO 

X 

CN  0 

rt-  II 

d 

CN 

A 

Cn 

hi  M 

A co’ 

1 

0 0 

n -hj- 

0 

0 

0 

CJ 

X 

X 

M 

0 

X 0 

*i-  Cl 

hi 

0 

CNX 

t^\0 

X 

X 

M 

M 

M 

M 

hi  hi 

hi 

n 

hi 

CD 

0 

0 

0 

0 

n 

M 

X 

xo 

X 

c. 

0 

hi  M 

to  1- 

rt 

0 

0 

0 

hi 

hi  hi 

hi  hi 

0 

0 

0 

0 
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CIOIKEXT  (’A1»A('1TY'  OF  C’AHLES. 


Area  in 
Circular  Alils. 

Current 
in  Amperes. 

Area  in 
Circular  Alils. 

Current 
in  Amperes. 

200,000 

200 

1, 100,000 

673 

300,000 

272 

I,  200,000 

715 

400,000 

336 

1,300,000 

756 

500,000 

393 

1,400,000 

796 

600,000 

445 

1,500,000 

835 

700,000 

494 

1,600,000- 

873 

800,000 

541 

1, 700,000 

9 1 0 

900,000 

586 

1,800,000 

946 

1,000,000 

630 

1,900,000 

2,000,000 

98 1 

1,015 

(’URKFXT  CAPACITY’  OF  FUSES. 


Diameter. 

Alils. 

B.  & S.  Gauge 
(Approximate). 

Current  in 
Amperes. 

.017 

25 

3 

.020 

24 

4 

.032 

20 

7 

.042 

T 

00 

10 

.056 

15 

15 

.065 

14 

18 

•075 

13-12 

25 

.085 

1 2-1 1 

28 

.096 

1 1— 1 0 

31 

.III 

9 

36 

.130 

8 

50 

.150 

7-6 

70 
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IG 


]\LVTEI{IAT.S  I SEI)  IX  PLI  M15IXO. 


WEIGHT  PEI?  FOOT  OF  I^EAIJ  I*IPE  AND  TIN-EINED 
EEAl)  PIPE. 


Inside 

AAA 

A A 
Extra 
Strong. 

Diameter. 

Brooklyn. 

Inches. 

Pounds. 

Pounds 

3 

8 

TIT 

1 

2 

3 

2 

5 

8 

3'j 

^ 4 

3 

4 

4t 

1 

0 2 

I 

6 

4| 

6-1 

5f 

4 

lO 

2 

III 

9 

A 

Strong. 

B 

Me- 

dium. 

C 

Light. 

D 

Extra 

Light. 

E 

Foun- 

tain. 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

li- 

I 

3 

T 

O 

8 

1 3 

1 6 

I 

3 

4 

9 

1 (> 

2\ 

2 

4 

I 

3 

4^ 

3 

If 

If 

I 

4 

3t 

2 1 

2 

if 

4f 

3f 

3 

2.V 

2 

5 

4f 

3f 

o 

7 

6 

5 

4 

8 

7 

6 

4f 

Lead  pipes  of  any  size  differing'  from  the  above  weights 
are  made  to  order. 


WEIGHT  OF  EEAI)  TFBIXG. 


1 u 

in. 

1 oz.  per  ft. 

A in- 

. 2|  oz.  per  ft. 

8 

in. 

. . . 1 oz.  per  ft. 

i in. 

5,  6,  8,  13  oz.  per  ft. 

WEIGHT  OF  l.EAD  WASTE  PII*E. 

if 

in. 

. . . 2 lb.  per  ft. 

4 in. 

5,  6,  and  8 lb.  per  ft. 

2 

in. 

. 3 and  4 lb.  per  ft. 

4f  in. 

. 8 and  1 0 lb.  per  ft. 

2 — 

in. 

. 4 and  6 lb.  per  ft. 

5 in. 

8,  10,  and  12  lb.  per  ft. 

3 

in. 

. 4|  and  5 lb.  per  ft. 

6 in. 

1 2 lb.  per  ft.  and  np. 

7-4 
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■\VKKiIIT  OF  HLOCK-TIX  FIFE. 


4 

in. 

AAA 

• • • 5 

oz. 

per 

ft. 

1 

¥ 

in. 

AA. . 

• • 3i 

oz. 

per 

ft. 

4 

in. 

. . 8 

oz. 

per 

ft. 

5 

1 6 

in. 

AAA 

...61 

oz. 

per 

ft. 

5 

1 6 

in. 

AA. . 

. . 4 

oz. 

per 

ft. 

3 

8 

in. 

AAA. 

• • 7 

oz. 

per 

ft. 

3 

8 

in. 

AA. . 

. . 4 

oz. 

per 

ft. 

7 

1 6 

in. 

AAA 

• • 7 

oz. 

per 

ft. 

1 

2 

in. 

AAA 

. . 10 

oz. 

per 

ft. 

1 

2 

in. 

AA. . 

. . 6 

oz. 

per 

ft. 

2 

in. 

. . 8 

oz. 

per 

ft. 

5 

8 

in. 

AAA 

..II 

oz. 

per 

ft. 

5 

¥ 

in. 

AA. . . . 

• • 9 

oz. 

per 

ft. 

3 

4 

in. 

AAA. . 

• • 13 

oz. 

per 

ft. 

3 

■4 

in. 

AA. . . . 

..II 

oz. 

per 

ft. 

in. 

AAA. . 

. .17 

oz. 

per 

ft. 

in. 

AA. . . . 

. .14 

oz. 

per 

ft. 

4 

in. 

AAxV. . 

. . 26 

oz. 

per 

ft. 

1 

4 

in. 

AA. . . . 

. .18 

oz. 

per 

ft. 

1 

2 

in. 

AAA. . 

• -36 

oz. 

per 

ft. 

in. 

AA. . . . 

. .24 

oz. 

per 

ft. 

in. 

AAA.  . 

. .40 

oz. 

per 

ft. 

in. 

AA. . . . 

oz. 

per 

ft. 

STAXDAHI)  DIMENSIONS  OF  M HOUIillT-IUON  FIFE. 


Nominal 

Internal 

Diameter. 

Inche.s. 

Actual 
Internal 
I liameter. 
Inches. 

Actual 

External 

Diameter. 

Inches. 

Thickness 

of 

Metal. 

Inches. 

Area  of 
Internal 
Diameter. 
Sq.  Inches. 

Weight 
per  Foot. 
Pounds. 

I 

‘8 

0.  270 

0.405 

.068 

0.0572 

0.243 

1 

4 

0.364 

0.540 

.088 

0. 1041 

0.422 

3 

8 

0.494 

0.675 

.091 

0. 1 9 1 6 

0.561 

1 

2 

0. 623 

0.  840 

. 109 

0.3048 

0.845 

3 

4 

0. 824 

1.050 

•133 

0-5333 

1.126 

I 

1.048  . 

I-315 

■134 

0.8627 

1 . 670 

1.380 

1 . 660 

. 140 

1 . 4960 

2.  258 

4 

1 . 6 1 0 

1 . 900 

-145 

2. 0380 

2. 694 

2 

2.067 

2.375 

.154 

3-3550 

3.667 

2 — 

2.468 

2-875 

. 204 

0 

00 

5-773 

3 

3.067 

3-500 

.217 

oc 

00 

0 

7-547 

3t 

3-548 

4.000 

. 226 

9.8870 

9-055 

4 

4. 026 

4.500 

•237 

I 2.  7300 

10.  728 

4.508 

0 

0 

0 

. 246 

15-9390 

I 2. 492 

5 

5-045 

5-563 

•259 

19. 9900 

14.564 

6 

6.065 

6.625 

. 280 

28.8890 

18. 767 

Wrought-iron  pipes  are  made  in  15  and  20  feet  lengths. 
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§ 10 


SIZE  OF  BRANCH  I’lPFS. 


Supply  Branches. 


Low- 

Pressure. 


High  Pressure. 


To  bath  cocks 

To  basin  cocks 

To  ^V.  C.  flush  tank . . 
To  W.  C.  flush  valve 
To  sitz  or  foot  baths.  . 

To  kitchen  sinks 

To  pantry  sinks 

To  slop  sinks 

To  urinals 


I to  I inch 
^ inch 
-V  inch 

I to  1 1 inches 
1 to  f inch 
■|  to  f inch 
4 inch 
I to  f inch 
f to  f inch 


1 to  I inch 
I to  .4  inch 
4 inch 
to  I inch 
4 inch 
^ to  f inch 
I to  4 inch 
to  f inch 
i to  f inch 


SIZE  OF  WASTE  PIPES. 

The  proper  sizes  of  w^aste  pipes  for  various  t:ses  are  as 
follows : 

Bath  waste,  iP  inehes  to  2 inches  in  diameter. 

Basin  waste,  inehes  to  i4  inches  in  diameter. 

Urinal  waste,  inehes  to  2 inches  in  diameter. 

Wash  tubs,  i .V  inches  branch  and  2 inches  trap  for  three 
tubs,  the  trap  taking  one  tub. 

vSink  waste,  i4  inehes  to  2 inches  in  diameter. 

Pantry  sink  waste,  iP  inches  in  diameter. 

Safe  waste,  i inch  to  i4  inches  in  diameter. 

Water-closet  trap,  3P  inches  to  3P  inehes  in  diameter. 
Soil-pipe  staek,  4 inehes  or  5 inches  in  diameter. 

Branch  to  closet  from  soil-pipe  stack,  4 inches  in  diameter. 
Sink  and  tub  staek,  2 inches  to  3 inches  in  diameter. 


FALL  OF  DRAIN  PIPES. 


Diameter, 

inches 

2 

3 

4 

5 

6 

7 

S 

9 

10 

Length  in 

feet  per  foot  of  fall 

20 

30 

40 

50 

60 

70 

80 

90 

100 

48 
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SPACIXCJ  OF  TACKS  FOR  LFAI)  PIPES. 


Vertical  Pipe. 

Horizontal  Pipe. 

Size  of  Pipe. 
Inches. 

Distance  Apart. 
Inches. 

Distance  Apart. 
Inches. 

Hot. 

Cold. 

Hot. 

Cold. 

3 

i8 

24 

1 2 

1 6 

19 

25 

14 

17 

5 

8 

20 

26 

15 

18 

3 

4 

2 1 

27 

16 

19 

I 

22 

28 

17 

' 20 

23 

29 

18 

2 1 

4 

24 

30 

18 

22 

CAPAC  ITY  OF  WROl  (illT-IROX  GAS  PIPES. 


Diameter 

Maximum 

Capacity  per  Hour. 

of  Pipe. 
Inches. 

Length. 
F eet. 

Coal  Gas. 
Cubic  Feet. 

Gasoline  Gas. 
Cubic  Feet. 

1 

‘4 

6 

10 

3 

8 

20 

15 

10 

J_ 

30 

30 

20 

3 

4 

50 

100 

75 

I 

70 

175 

125 

TOO 

300 

200 

150 

500 

350 

2 

200 

1 ,000 

700 

2 — 

300 

1,500 

1, 100 

3 

450 

2,250 

1,500 

4 

600 

3.750 

2,500 

INCREASE  OF  I’RFSSURE  IN  (iAS  1*1  PES. 


'rhc  increase  of  pressure  in  each  lo  feet  of  rise  in  pipes 
with  o^as  of  various  densities,  is  as  follows: 


Rise  in  pressure 

(Inches  of  Water) 

0 

.0147 

.0293 

.044 

.058 

0 

Go 

.088 

. 102 

Density  of  gas  . 

I 

•9 

.8 

•7 

.6 

•5 

•4 

•3 

§17 


TABLES  AND  FORMULAS. 


4!) 


HEAT. 


KKFLECTIXG  POWEH  OF  VAKIOFS  .SUHSTANTKS. 


Per  Cent. 

Per  Cent. 

Polished  silver . . . 

97 

Polished  zinc  . . . 

81 

Polished  brass  . . . 

93 

Polished  iron  . . . 

77 

Polished  copper.  . 

93 

Bright  tin 

85 

Polished  steel .... 

«3 

Glass  

( on’ouctina;  f()wp:i{  of  vauiofs  matp:ri.vl.s. 


The  following'  table  shows  the  relative  conducting'  powers 
of  various  materials,  silver  being-  taken  as  the  standard : 


Silver 

('flst  iron 

Copper  

77 

Zinc 

Brass 

Tin  . ... 

Steel  

v3 

Lead 

AHSOUPTIVE 

AND  EMI.SSIVE  POWERS  OF  VARIOirs 
Sl'RSTANCES. 

Lampblack,  drv 

1 00 

Steel 

White  lead,  dry  powder. 

1 00 

Polished  brass  . 

Paper  

98 

Polished  copper 

Glass 

90 

Polished  silver . 

17 

20 

15 


«-5 


17 

7 

7 

3 


COEFFICIENTS  OF  EINEAH  EXPANSION. 


Material. 

Increase  of 
Length  in  i Foot 
for  an  Increa.se 
in  Temperature 
of  1°  F. 

Material. 

Increase  of 
Length  in  i Foot 
for  an  Increase 
in  Temperature 
of  1°  F. 

Inches. 

Inches. 

t'ast  iron 

. 0000740 
. 0000823 
. 00007 I 9 

Lead 

. 000 1 900 
. 000 1 692 
. 0000550 

Wrought  iron . 
vSteel  tubes  . . . 

Tin 

Glass  

Brass 

. 0001 244 

Brick 

. 0000 1 44 

Copper 

.0001 146 

Firebrick 

. 0000333 

Zinc 

. 0001961 

Marble 

. 0000566 

50 
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SPEC'JFJC  HEATS. 


SOLIDS. 


Copper 

...  0.0951 

Cast  iron 

Cold 

. . . 0.0324 

Lead 

0.0314 

\Vrought  iron . . . . 

Platinum 

0.0324 

Steel  (soft)  

. . . 0.1165 

vSilver 

0.0570 

Steel  (hard) 

. . . 0. I 175 

Tin 

Zinc 

. . . 0.0956 

Ice 

0.5040 

Brass 

...  0.0939 

vSidphur 

(firms 

...  0 . 1 1^-2  *7 

('barcoal 

0 . 2.1  1 0 

- -r  - 

Water  at  62“ .... 

Lead  melted) 

. 0.0402 

Alcohol 

...  0 . 7000 

vSulphur  (melted)  . 

. 0.2340 

Mercury 

• • • 0.0333 

Tin  (melted) 

Benzine 

...  0.4500 

Sulphuric  acid 

• 0.3350 

Glycerine 

•••  0.5550 

Oil  of  turpentine  . . 

. 0.4260 

GASES.— ( <)NSTA>’T  I'HESSUHE. 


Air 0.23751 

Oxyg'en 0.21751 

Nitrogen 0.24380 

Hydrogen 3 . 40900 


Carbonic  oxide  ......  o.  2479 

Carbonic  acid 0.2170 

Olefiant  gas 0.4040 


AIR  RE(il  IREI)  FOR  COMRESTIOX  OF  ('OAF. 


Air  Required  per  Pound  of  Coal. 


)f  Grate, 
loal  per  Hour. 

Weight,  Pounds. 

Volume  at  62°, 
Cubic  Feet. 

4 

23.  2 

304-85 

8 

20.  2 

265.45 

1 2 

0-5 

230. 00 

16 

198.43 

20 

13.0 

170.83 
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TEMPKllATl  RES  AXI)  EATEXT  HEATS  OF  FUSIOX 
AXI)  VAl’OHIZA TIOX. 


Substance. 

Tempera- 
ture of 
Fusion. 

Tempera- 
ture of 
Vaporiza- 
tion. 

Latent 
Heat  of 
Fusion. 

B.  T.  U. 

Latent 
Heat  of 
Vaporiza- 
tion. 

B.  T.  U. 

Water 

32° 

2 1 2° 

142.65 

966. 069 

Mercury 

-37-8° 

662° 

509 

157 

Sulphur 

228.3° 

824° 

13.26 

Tin 

446° 

25-65 

Lead 

626° 

9.67 

Zinc 

680° 

1,900° 

50-63 

493 

Alcohol 

Unknown 

173° 

372 

Oil  of  turpentine 

14° 

313° 

1 24 

Linseed  oil  ..... 

600° 

AV  EIGII T OF  WATER  A AFOR. 


Tempera- 

ture. 

Desirees 

F. 

Pressure 
per  Square 
Inch. 
Pounds. 

Weight 
per  Cubic 
Foot. 
Pounds. 

Tempera- 

ture. 

Degrees 

F. 

Pressure 
per  Square 
Inch. 
Pounds. 

Weight 
per  Cubic 
Foot. 
Pounds. 

-30 

. 0049 

. 000017 

50 

.176 

.00058 

-25 

. 0063 

. 000023 

55 

.212 

. 00069 

— -20 

.0088 

. 000030 

60 

-253 

.00082 

-15 

.0106 

.000039 

65 

.302 

. 00097 

— 10 

-0135 

.000050 

70 

•358 

.00115 

-5 

.0171 

. 000063 

75 

•425 

•00135 

0 

.0216 

. 000079 

80 

.502 

' .00158 

5 

.0272 

. 000098 

85 

-589 

.00183 

10 

.0340 

.000 1 2 1 

90 

. 692 

.00213 

15 

.0423 

.000149 

95 

.809 

. 00247 

20 

•0525 

. 000181 

100 

•943 

.00286 

25 

.0651 

. 000222 

105 

1.094 

. 00330 

30 

. 0806 

.000270 

1 10 

1.265 

. 00380 

35 

. 0998 

.000325 

115 

1.462 

•00.133 

40 

1225 

. 000400 

I 20 

1.682 

. 00496 

45 

.1470 

.000480 

1 30 

2-213 

. 00640 
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xox-roxDT’CTixr;  cov7-:bixgs. 


Kind  of  Covering. 

B.  T.  U.  Trans- 
mitted per  Hour 
per  Square  Foot 
of  Surface,  per 
Degree  Differ- 
ence of  Tem- 
perature. 

Loss 

Per  Cent. 

“ Maiiville  ” sectional  and  hair  felt 

O.  2 I 69 

8. 00 

Rock  wool 

0-2556 

9-50 

Mineral  wool 

0.  2846 

p 

Cri 

0 

“Champion”  mineral  wool 

0.3 1 66 

11.72 

“ Manville  ” wool  cement 

0.3448 

12.77 

“ Manville  ” sectional 

0.3496 

12.94 

Magnesia 

0.3838 

I 4.  20 

Hair  felt 

0.4220 

15.62 

Fire  felt 

0.5023 

1 8. 60 

Fossil  meal 

0 

oc 

00 

32-54 

“ Riley  ” cement 

0-9531 

35-30 

Bare  pipe 

2.7059 

1 00. 00 

SIZE  OF  CimiXEYS. 


Height  of  Chimney. 
Feet. 

Rate  of  Combustion. 
Pounds  of  Coal  per 
Hour  per  Square 
Foot  of  Grate  Area. 

Area  of  Chimney 
per  Pound  of  Coal 
Burned  per  Hour. 
Square  Feet. 

40 

1 1.6 

.0108 

50 

I3-I 

-0095 

60 

14.4 

0 

0 

cc 

70 

15-7 

. 0080 

80 

16.8 

.0074 

90 

17.9 

.0070 

TOO 

19.0 

.0067 

I 10 

19.9 

. 0064 

I 20 

20. 8 

. 006 1 

130 

21.7 

-0059 

140 

22.5 

-0057 

17 
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rROPEIlTIES  OF  AIK. 


Temj)er- 

atnre. 

1 )egrees 
F. 

Weight  per 
Cubic  Foot. 
Pounds. 

B.  T.  U. 
(tiven  up  by 
I Cubic  Foot 
of  Air  in 
Cooling  to 
0°  From 

Temper- 

ature. 

Degrees 

F. 

Weight  per 
Cubic  Foot. 
Pounds. 

B.  T.  U. 
Given  up  by 
I Cubic  Foot 
of  Air  in 
Cooling  to 
0°  From 

0 

.08635 

. 0000 

75 

.07424 

1-3225 

2 

.08597 

. 0408 

80 

•07355 

1-3975 

4 

. 08560 

.0813 

85 

. 07  288 

1-4713 

6 

.08523 

.1214 

90 

.07222 

1-5438 

8 

0 

oc 

00 

.1613 

95 

•07157 

1.6149 

10 

.08451 

. 2007 

100 

.07093 

I . 6847 

1 2 

.08415 

.2398 

1 10 

. 06968 

I .8205 

14 

0 

oc 

00 

0 

. 2786 

1 20 

. 06848 

1.9518 

16 

.08344 

•3171 

130 

. 06732 

2.0786 

18 

.08309 

•3552 

140 

. 06620 

2.2013 

20 

.08275 

•3931 

150 

.06511 

2.3196 

24 

. 08206 

.4678 

1 60 

. 06406 

2.4344 

28 

.08139 

•5413 

170 

•06305 

2-5458 

32 

.08073 

.6136 

1 80 

. 06206 

2.6532 

36 

. 08008 

.6847 

1 90 

.06111 

2-7577 

40 

.07944 

•7547 

200 

. 060 1 8 

2.8587 

45 

.07865 

. 8406 

210 

•05929 

2.9572 

50 

.07788 

.9249 

220 

.05841 

3-0521 

55 

.07712 

I .0074 

230 

•05756 

3-1444 

60 

.07638 

I . 0885 

240 

•05674 

3-2343 

65 

.07566 

1 . 1 68 1 

250 

•05594 

3.3216 

70 

.07494 

1-2459 

260 

•05517 

3.4069 

HEAT  EMITTED  FROM  VARIOUS  SOURCES. 

B.  T.  U. 


Each  adult  person 4°° 

Ordinary  5-foot  g'as  burner,  15  candlepower 4,800 

Welsbach  incandescent  lamp,  50  candlepower.  . . 2,000 

Electric  incandescent  lamp,  16  candlepower 220 
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LOSS  OF  HEAT  THROUGH  WALLS,  AVTNHOWS, 

ETC. 


Character  of  Surface. 

H.  T.  U.  per  Hour. 

Window,  single  glass 

.776 

Window,  double  glass 

.518 

Skylight,  single  glass 

1. 118 

Skylight,  double  glass 

.621 

Brick  wall,  4 inches 

. 680 

Brick  wall,  8 inches 

.460 

Brick  wall,  i 2 inches 

.320 

Brick  wall,  1 6 inches 

. 260 

Brick  wall,  20  inches 

.230 

Outer  doors 

.420 

Floors,  wooden  beams,  planked 

083 

Floors,  fireproof,  floored  with  wood 

. I 24 

Ceilings,  wooden  beams,  planked 

. 104 

Ceiling.s,  fireproof  construction 

•145 

Ordinary  wooden  walls,  lathed  and  plas- 

tered,  sheathing  i inch  thick  on  stud- 

ding,  covered  with  building  paper. 

weather-boarded 

about  . 1 00 

COEFFICTEXTS  OF  TRAXSMISSlOX  OF  HEAT. 

With  surfaces  of  various  kinds,  the  rate  of  emission  is 
about  as  follows,  the  total  emission  from  a new  cast-iron 
plate  having  a natural  surface,  as  cast,  being  taken  as  loo: 


Cast  iron,  new loo 

Cast  iron,  rusty 102 

Wrought  iron,  ordinary  or  “black” 93 

Wrought  iron,  bright,  but  not  polished 72 

vSurface  covered  with  lampblack,  dull 106 

Surface  covered  with  white  lead  powder,  dull 106 

The  rate  of  emission  is  affected  by  painting  or  bronzing  about 
as  follows,  taking  the  amount  given  off  without  paint  as  100: 

Two  coats  of  asphaltum  paint 106 

Two  coats  of  white-lead  paint,  dull 109 

Rough  bronzing 106 

One  coat  of  glossy,  white  paint 90 
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§ 17 

EMISSIVE  CAPACITY  OF  PAOIATORS. 


rmJEf'T  RADIATOllS— VEllTIC'AE  TUBE,  PRIME  SURFACE. 

The  following  table  shows  the  actual  emissive  capacity  of 
several  varieties  of  direct  radiators  working  in  still  air,  as 
determined  by  experiment.  The  first  column  gives  the 
difference  in  temperature,  and  the  remaining  columns,  the 
total  emission  of  heat  per  hoi:r,  in  still  air,  per  square  foot 
of  external  surface,  per  degree  difference  in  temperature. 


Difference  in 
Temperature. 
Degrees  F. 

Vertical  Tubes,  Massed. 

1 

Vertical  Tubes,  Single  Row. 

40  Inches 
High. 

B.  T.  U. 

24  Inches 
High. 

B.  T.  U. 

40  Inches 
High. 

B.  T.  U. 

12  Inches 
High. 

B.  T.  U. 

5° 

1 . 29 

1-54 

I . 46 

2.01 

6o 

1-33 

1.58 

1.50 

2 . 06 

70 

1.36 

1.62 

1-54 

2.12 

80 

1-39 

1.66 

1.58 

2.17 

90 

1 .41 

1 . 70 

1.62 

2.22 

100 

1 . 46 

1.74 

1.65 

2.27 

1 10 

1.49 

1.78 

1 . 69 

2.32 

I 20 

1.52 

1.82 

1-73 

2.38 

130 

1.56 

] .86 

1.77 

2-43 

140 

I -59 

1 . 90 

1. 81 

2.48 

15° 

1.63 

1.94 

1.85 

2-53 

1 60 

1.66 

1 . 98 

1.88 

2-59 

1 70 

1 . 69 

2 . 02 

1 . 92 

2 . 64 

180 

1-73 

2 . 06 

1 . 96 

2 . 70 

1 90 

1.76 

2.10 

2 . 00 

2-75 

200 

1 . 80 

2.34 

2.03 

2 . 80 

210 

1.83 

2.18 

2 .07 

10 

CO 

220 

1.86 

2.22 

2 . 1 1 

2 . 90 

230 

1 . 90 

2.27 

2-15 

2 . 96 

240 

1-93 

2.31 

2.19 

3.01 

250 

1.97 

2-35 

2 • 23 

3 . 06 

oG 
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INDIRIX'T  RADIATORS— XATl'UAT.  DRAFT,  KXTENDKD 
Si:  R FACES. 

The  average  rate  of  emission  of  heat  from  ordinary 
indirect  radiators,  wliich  are  enclosed  in  a box  and  deliver 
warm  air  to  rooms  above  through  a vertical  flue,  is  shown 
in  the  following  table: 


Height  of  Flue. 
Feet. 

Velocity  of  Air. 
Feet  per  Second. 

Emission  of  Heat  per 
.Square  Foot, per  Hour, 
per  1 legree  Difference. 
H.  T.  U. 

5 

2. 90 

1.70 

I o 

4.  I 0 

2.00 

15 

5 00 

2.22 

20 

5-7° 

2.38 

25 

6. 30 

2.52 

30 

6. 70 

2. 60 

35 

7-14 

2.67 

40 

7-5° 

2.72 

45 

7.90 

2.76 

5° 

8.  20 

2. 80 

INDIRECT  RADIATORS— PEAIN  SURFACES,  FORCED  DRAFT. 

The  emission  of  heat  per  square  foot  per  hour  per  degree 
difference  in  temperature  from  radiators  which  are  specially 
designed  for  use  with  forced  blast  and  are  composed  mainly 
of  steel  or  wrought-iron  pipe,  is  shown  in  the  following 
table : 


Velocity  of  Air. 
Feet  per  Second. 

Heat  Emitted. 
B.  T.  U. 

Velocity  of  Air. 
Feet  per  Second. 

Heat  Emitted. 
B.  T.  U. 

3 

3-42 

I 2 

6-93 

4 

4. 00 

14 

7-5° 

5 

4-5° 

16 

8.06 

6 

4-94 

18 

8.50 

7 

5-33 

20 

9.00 

8 

5-71 

22 

9.42 

10 

6-33 

24 

9-79 

17 
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COMPARATIVE  EFFICIENCY  OF  RADIATORS. 

The  comparative  efficiency  of  flue  radiators  and  plain  sur- 
face radiators  of  the  same  size  may  be  seen  in  the  following' 
table  of  experimental  results.  The  data  in  columns  A,  C, 
and  E refer  to  the  radiators  in  their  orig'inal  condition,  hav- 
ing- the  usual  ribs,  etc.,  while  those  in  columns  B,  D,  and  F 
refer  to  the  same  radiators  having  all  the  ribs  and  “exten- 
sions ” removed. 


Surfaces. 

Heat  Emitted  per 
Square  Foot, 
per  Hour,  per  Degree 
Difference. 

Total  Heat  Emitted 
per  Hour,  per  Degree 
Difference. 

Extended. 

Square 

Feet. 

Plain. 

Square 

Feet. 

Extended. 

B.  T.  U. 

Plain. 
B.  T.  U. 

Extended. 
B.  T.  U. 

Plain. 
B.  T.  U. 

A 

B 

C 

D 

E 

F 

57.80 

40. 40 

1.65 

1.97 

95-37 

79-58 

6.40 

4.24 

2.05 

2.39 

13.12 

10.13 

63. TO 

41 . 20 

1-39 

1.85 

87.81 

76.  22 

00 

4-5° 

1.90 

2.  24 

13.64 

10.08 

It  will  be  observed  that,  while  the  rate  of  emission  from 
the  plain  surfaces  is  hig'her  than  that  from  the  extended 
surfaces,  yet  the  total  emission  is  less.  This  result  is  due 
to  the  great  difference  in  area  of  the  actual  emitting  surfaces. 


BOILER  HEATING  SURFACE  PER  HORSEPOWER. 


Type  of  Boiler.  Square  Feet. 

Cylinder  6 to  lo 

Return  tubular 14  to  1 8 

Vertical  tubular 15  to  20 

Water-tube 10  to  12 

Locomotive 12  to  16 

Cast-iron  sectional 10  to  14 
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GRATE  AREA  OF  ROIEER  PER  HORSEPOWER. 


Type  of  Boiler.  Square  Feet. 

Cylinder  boiler 6o 

Flue 45 

Return  tubular 50 

Water- tube 30 

Vertical 65 

Locomotive  (stationary) 40 


SIZE  OF  PIPE  FOR  STEAM  RADIATORS. 


BIUECT  Il  VDIATORS. 

It  is  found  in  practice,  when  steam  having-  a pressure  less 
than  5 pounds,  by  the  gauge,  is  employed,  that  the  proper 
sizes  for  branches  to  radiators  are  about  as  follows: 


One-Pipe  System. 

Heating  Surface  of  Radiators.  Diameter  of  Pipe. 

24  square  feet  or  less i inch. 

Above  24,  not  exceeding  60  square  feet inches. 

Above  60,  not  exceeding  100  square  feet i inches. 

Above  100  square  feet 2 inches. 

Two-Pipe  System. 

Heating  .Surface  of  Radiators.  Steam.  Return. 

48  sqtiare  feet  or  less i in.  f in. 

Above  48,  not  exceeding  96  square  feet i ^ in.  i in. 

Above  96  square  feet in.  i|-  in. 


IXDIRECT  RAltlATORS. 


Heating  Surface  of  Radiators.  Steam.  Return. 

30  square  feet  or  less i in.  f in. 

From  30  to  50  square  feet in.  i in. 

From  50  to  100  square  feet in.  in. 

From  100  to  160  square  feet 2 in.  in. 


Tables  and  formulas. 
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IIOT-AIll  FLUES  AND  IIEGISTEIIS. 

VELOCITY  OF  AIR  IN  FLUES,  FEET  PER  MINUTE NATURAL  DRAFT. 


C <l! 


Height  of  Flue  in  Feet. 


Difference 
Temperatv 
Degrees  1 

10 

15 

20 

30 

40 

50 

60 

80 

100 

lO 

108 

133 

153 

188 

217 

242 

264 

306 

342 

IS 

133 

162 

188 

230 

265 

297 

325 

375 

420 

20 

153 

188 

217 

265 

306 

342 

373 

435 

10 

00 

25 

17I 

2 10 

242 

297 

342 

383 

420 

485 

530 

30 

188 

230 

265 

325 

375 

419 

461 

530 

594 

40 

2 I 6 

265 

305 

374 

431 

482 

529 

608 

680 

50 

242 

297 

342 

419 

484 

541 

594 

680 

768 

60 

266 

327 

376 

460 

532 

595 

650 

747 

842 

70 

288 

354 

407 

498 

576 

644 

7^3 

809 

910 

80 

308 

379 

435 

533 

616 

688 

751 

866 

972 

90 

326 

401 

460 

5^15 

652 

00 

795 

918 

1029 

100 

342 

419 

484 

593 

684 

765 

835 

965 

1080 

125 

384 

470 

541 

664 

766 

857 

939 

10 

00 

0 

1216 

150 

419 

514 

593 

7 26 

838 

937 

1028 

1185 

1325 

GIIEEXIIOUSE  HEATING. 


HATH)  OF  GDAS.S  SUHFACF  TO  HEATING  SURFACE. 

External  Temperature^  0°  F. 


Inside  Temperature. 

Ratio. 

Steam. 

Hot  Water. 

45°  F. 

8.0 

5.00 

50°  F. 

7.0 

4-50 

55°  F. 

6.5 

4. 00 

60°  F. 

6. 0 

3-5° 

65°  F. 

5° 

3-25 

0 

0 

4.5 

3.00 

60 
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IlOT-WATEU  MAINS. 

The  following-  table  shows  the  heating  surface  in  square 
feet  that  can  properly  be  supplied  with  hot  water  by  mains 
of  a given  size  and  uniform  diameter  throughout  their  whole 
length,  the  radiators  being  located  upon  the  first  floor.  The 
fall  of  temperature  is  assunied  to  be  20°,  and  the  height  of 
the  circuit  is  between  10  and  15  feet. 


Total  Estimated  Length  of  Circuit,  in  Feet. 


01 

Mains. 

100 

200 

300 

400 

500 

600 

JOO 

800 

900 

1000 

I 

20 

35 

20 

4 

56 

40 

25 

2 

1 1 6 

85 

70 

50 

2.T 

220 

150 

1 20 

1 00 

90 

3 

345 

240 

200 

1 70 

•5° 

1 40 

125 

1 1 0 

I 00 

90 

3i 

500 

340 

280 

245 

225 

205 

1 90 

175 

162 

150 

4 

700 

485 

390 

340 

310 

280 

260 

240 

230 

220 

925 

640 

535 

460 

410 

375 

345 

325 

300 

295 

5 

I 200 

830 

700 

600 

540 

490 

450 

420 

400 

380 

6 

1 900 

•325 

1 1 00 

950 

850 

775 

700 

650 

620 

600 

7 

2000 

1 600 

1 400 

1250 

1140 

1050 

975 

925 

875 

8 

1970 

1720 

1550 

1440 

1350 

1300 

1250 

9 

1 900 

1800 

1 700 

1 620 

The  horizontal  pipes  on  the  upper  floors  of  a building,  and 
also  the  risers  leading  thereto,  may  be  made  smaller  in  diam- 
eter than  those  upon  the  lower  floors,  because  the  driving 
force  which  impels  the  water  increases  with  the  height  of 
the  circuits. 

The  proper  size  of  a pipe  having  been  determined  for  a 
given  service  on  the  first  floor,  the  diameter  for  equal  serv- 
ice on  higher  floors,  the  temperatures  remaining  the  same, 
may  be  found  by  multiplying  by  the  following  factors: 

Story  2d  3d  4th  5th 

Factors 87  .8  .76  .73 

No  factors  are  given  for  heights  above  the  fifth  floor,  or 
about  50  feet,  because  the  decrease  for  the  succeeding  stories 
is  so  small  that  it  is  of  little  practical  account. 
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RADIATOR  SURFACE  SUPPLIED  BY  IIOT-WATER 

RISERS. 

Fall  of  Temperature^  20°  F. 


Diameter 

Surface,  Square  Feet. 

of 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Riser. 

Inches. 

Story. 

Story. 

Story. 

Story. 

Story. 

Story. 

.s 

4 

I 2 

17 

2 1 

24 

I 

22 

32 

40 

48 

38 

56 

70 

80 

88 

66 

92 

1 1 2 

132 

145 

2 

140 

1 96 

238 

280 

310 

4 

240 

328 

400 

470 

515 

3 

350 

490 

595 

700 

770 

850 

510 

705 

860 

1010 

1 1 1 0 

1215 

4 

700 

980 

1 1 90 

I 280 

1540 

1 660 

SIZPl 

OP’  HOT-AIR 

IN  pp:s 

AND  I 

IPXilSTPiRS. 

P’irst-Floor  Rooms. 

Second-Floor  Rooms. 

Size  of 
Register 
in  Inches. 

Diam- 
eter of 
Pipe  in 
Inches. 

Size  of 
Rooms 
in  Feet. 

Height 
of  Ceil- 
ing in 
Feet. 

Size  of 
Register 
in  Inches. 

Diam- 
eter of 
Pipe  in 
Inches. 

Size  of 
Rooms 
in  Feet. 

Height 
of  Ced- 
ing in 
Feet. 

16X16 

16X16 

12X15 

I 2 

to 

1 1 

10X14 

10 

to 

10 

18  X 20 

18  X 20 

10X12 

14X  14 

14X  14 

or 

10 

to 

10 

9X12 

9 

to 

9 

10X14 

15X15 

16X16 

12X12 

10  X 10 

9X12 

9 

to 

9 

8X12 

8 

to 

8 

14X15 

13  X 14 

8X12 

7X12 

8X12 

8 

to 

9 

8X10 

7 

to 

8 

13X13 

12X12 

DIAMETER  OP’  RADIATOR  COXNECTIOXS. 


Size  of  Pipe  in  Inches. 

3 

T 

I 

U 

I' 

2 

2I- 

Area  of  Direct  Heating’  Sur- 
face in  Square  Feet 

1 6 

24 

40 

60 

1 20 

240 

7-R 


02 
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COST  OF  BUILOnSTG  PER  CUBIC  FOOT. 


Class  of  Building. 

Cost. 

Cents  per  Cubic 
Foot. 

Small  frame  buildings,  eosting  from  $800 
to  $1, 500  

8 to  9 

9 to  I I 
10  to  14 

17  to  20 
9 to  I I 

Frame  houses,  8 to  12  rooms,  costing  from 
fii  500  to  $10  000 

Brick  houses,  8 to  10  rooms 

Highly  finished  city  dwellings  (brick  or 
stone)  

Schoolhouses  (brick) 

Churches  (stone) 

20  to  25 
30  to  40 
32  to  44 

Office  bitildings  (well  fini.shed) 

Hospitals,  libraries,  and  hotels 

TABLE  FOR  ESTIMATING  THE  QUANTITA'  OF 

NAILS. 


Material. 


Lb. 

Required. 


Kind  of  Nails. 


1,000  shing-les 

1,000  laths 

1,000  sq.  ft.  beveled  siding 

1,000  sq.  ft.  sheathing 

1,000  sq.  ft.  sheathing 

1,000  sq.  ft.  flooring 

1,000  sq.  ft.  flooring 

1,000  sq.  ft.  sttidding | 

1,000  sq.  ft.  furring  i"X2" 

1,000  sq.  ft.  finished  flooring. 

1,000  sq.  ft.  fini.shed  flooring 


5 

4d. 

7 

3d. 

18 

6d. 

20 

8d. 

25 

lod. 

30 

8d. 

40 

rod. 

15 

lod. 

5 

2od. 

10 

lod. 

20 

8d.  to  lod.  finish. 

30 

lod.  finish. 
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SIZES  AND  WEIGHTS  OF  NAIES. 


Name. 


Length  in  Inches. 


No.  per  Lb. 


3d. 

fine 

3d. 

common 

4d. 

common 

5d. 

common 

6d. 

finish . . . 

6d. 

common 

?d. 

common 

8d. 

finish  . . . 

8d. 

common 

lod. 

finish . . . 

lod. 

common 

1 2d. 

common 

2od. 

common 

3od. 

common 

4od. 

common 

5od. 

common 

6od. 

common 

588 

dV 

488 

If 

33d 

if  to  if 

216 

2 

204 

2 

166 

118 

4 

102 

2 — 
^ 2 

94 

3 

80 

2f 

72 

3i 

50 

3l 

32 

20 

4f 

17 

5 

14 

5i 

10 

XFMIJER  OF  SLATES  PER  SC^UARE. 


Size. 

Inches. 

Number  of 
Pieces. 

Size. 

Inches. 

Number  of 
Pieces. 

Size. 

Inches. 

Number  of 
Pieces. 

6X12 

533 

9X16 

246 

14  X 20 

I 2 1 

7X12 

457 

10X16 

221 

11X22 

138 

8X12 

400 

9X18 

213 

12X22 

I 26 

9X12 

355 

10X18 

192 

13  X 22 

1 16 

7X14 

374 

II  X 18 

174 

14X22 

108 

8X14 

327 

12X18 

1 60 

I 2 X 24 

114 

9X14 

291 

10  X 20 

169 

13  X 24 

105 

10X14 

261 

11X20 

154 

14  X 24 

98 

8X16 

277 

I 2 X 20 

141 

16  X 24 
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FOllMTJLAS. 


RULES  AND  FORMULAS  USED  IN  GEOMETRY 
AND  MENSURATION. 


THE  TRIANGLE. 

Angles  and  Sides. — 

Let  A,  B,  and  C = the  number  of  degrees  in  the  three 
angles,  respectively. 

Then,  A = 180°  — A’— C.  \ 

B = \?>0°-C-A.[  Art.  44,  §4. 

C = 180°-M-A\  ) 

Let  a and  b = the  lengths  of  the  two  short  sides  of  a 
right-angled  triangle,  respectively; 
c — length  of  third  side,  or  hypotenuse. 

Then,  c = Art.  4G,  § 4. 

Art.  47,  § 4. 

Art.  48,  § 4. 


\ia  = b. 


a 1=  A —b'^\  I 
b = F'  a — d\  1 

c = ^/¥a^  = 

= . = /|. 


Area  of  Triangle. — 

Let  b — base  of  triangle; 

h — altitude  of  triangle; 
b,  and  c = sides  of  triangle ; 

(I  — l—  b — F ^ 


s = 


= half-perimeter  of  triangle; 


Then, 


A = area  of  triangle. 

2 ’ 


A 


Art.  85,  § 4. 


A — Vs{s  — a) (s  — b){s  — c).  Art.  87,  § 4. 
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THE  PAUALLELOGUAM. 
Let  b = base  of  parallelogram; 

h = altitude  of  parallelogram; 

A = area  of  parallelogram. 

Then,  A=bh.  Art.  97,  § 4. 


THE  TRAPEZOID. 

Let  a and  b represent,  respectively,  the  lengths  of  the 
parallel  sides,  the  altitude,  and  A the  area. 

Then,  A ^ h Art.  98,  § 4. 


Let  n 
I 
h 
d 
A 


THE  POEVGOX. 

number  of  sides  of  regular  polygon ; 
length  of  one  side; 

perpendicular  distance  from  the  center  to  a side; 
number  of  degrees  in  each  interior  angle; 
area  of  polygon. 


Then,  d = Art.  35,  § 4. 

n 

A = Art.  99,  § 4. 


llule. — To  find  the  area  of  an  irrc<^2ilar  polygon^  or  any 
figure  bounded  by  straight  lines,  divide  the  figure  into  tri- 
angles, parallelograms,  and  trapezoids,  and  find  the  area  of 
each.  The  sum  of  these  partial  areas  will  be  the  area  of  the 
figure.  Art.  100,  § 4. 


THE  OIKCEE. 

Relation  Between  Cireuniferenee,  TManieter,  and 
Radius. — 

Denoting  the  circumference  by  c,  the  diameter  by  d,  and 
the  radius  by  r. 


GO 


TABLES  AND  FORMULAS. 
c = -K  d — 2 TT  r’y 


^ 4 


d = 


and 


r — 


2 d 


Art.  103,  § 4. 


llelatioii  lietween  Arc,  Cliord,  ami  Height  of 
Segment. — 

Let  I = length  of  arc  of  circle ; 

11  — number  of  degrees  in  arc; 
r = radius  of  arc; 
c — length  of  chord; 
h — height  of  segment. 


Then, 


I = r 


r n 


57.3’ 


Art.  105,  § 4. 


/ = 


\s/d  + 4 Je  - ^ 
3 


h — r — d 


Art.  100,  § 4. 
Art.  100,  § 4. 


Then,  {a)  r — 


If  -T-  is  less  than  4.8,  let 
h 

r — radius  O A of  the  arc  (see 
Fig.  1); 

• C — chord  A B of  the  arc ; 
c = chord  A C of  half  the  arc ; 

II  — height  C D oi  the  segment; 
h = height  of  segment  included 
between  chord  A C and  arc  A C. 

(f^4-4  IP 
dPH  ’ 


{b)  c = 


(r)  li  r—  IG  — C'^  — 4 /I'\ 
Area  of  Circle. — 

Let  d = diameter  of  circle; 
r = radius  of  circle; 

A = area  of  circle. 

Then,  A = \r.  d^  = .7854^/“; 

A = - A = 3.141Cr*; 

‘^ = '/y  = /'-r  = 


Art.  107,  g 4. 


Art.  108,  § 4. 


Art.  100,  § 4. 
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§1 

Flat  Circular  llinjy. — 

Rule. — To  find  the  area  of  a fiat  circular  ring,  subtract 
the  area  of  the  smaller  circle  from  that  of  the  larger. 

Let  d = the  longer  diameter; 
d^  = the  shorter  diameter; 

A — area  of  ring. 

Then,  A = . 7854  7854  = .7854 

Art.  1 lO,  § 4, 

Area  of  a Sector. — 

Let  n — number  of  degrees  in  arc ; 

A =■  area  of  circle ; 
r = radius  of  circle; 

I = length  of  arc; 
a — area  of  sector. 

Then,  a = ~ = .0087207  nr';  Art.  1 1 1,  g 4- 
« = ~ Art.  lia,  |4. 

Area  of  a Segment. — 

Rule. — To  find  the  area  of  a segment  of  a circle,  find  the 
area  of  the  sector  of  %vhich  the  segment  is  a fart,  and  from 
this  area  subtract  the  area  of  the  triangle  formed  by  drazving 
radii  to  the  extremities  of  the  chord  of  the  segment.  The 
result  is  the  area  of  the  segment.  Art.  1 1 § 4. 


TIIK  EI.T.IPSK. 

Let  D = major  diameter  of  ellipse; 
d — minor  diameter  of  ellipse; 

C = perimeter  of  ellipse; 

A — area  of  ellipse. 

Then,  C = D d,  approximately; 

Art.  115,  § 4. 

A - dD  = .7854rt^A>.  Art.  11(>,  § 4. 


AREA  OF  ANY  1*E.\XE  FIGt  RE. 

Rule. — To  find  the  area  of  any  plane  figure,  dhndc  tt  into 
triangles,  quadrilaterals,  circles,  or  parts  of  circles,  and 
ellipses,  find  the  area  of  each  fart  separately,  and  add  the 
partial  areas.  Art.  117,  §4. 
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AREA  OF  IRREGULAR  FIGURES. 

Rule. — To  find  the  area  of  any  irregular  figure^  divide  the 
figure  mto  any  number  of  strips  by  equidistant  parallel  lines. 
Measure  the  length  of  the  lines ; add  together  one-half  the 
lengths  of  the  end  lines  and  the  lengths  of  the  remaining 
lines.,  and  multiply  this  sum  by  the  distance  between  the  lines. 

Let  a = length  of  one  end  line; 

I — length  of  other  end  line ; 
etc.  = lengths  of  intermediate  lines; 

X = distance  between  parallels; 

A — area. 

- b e etc.\  Art.  119,  § 4. 


THE  PRISM  AND  CYLINDER. 

perimeter  of  base; 
altitude ; 

area  of  convex  surface; 
area  of  entire  surface; 
area  of  base ; 
volume. 

Art.  131,  §4. 

V = ah.  Art.  132,  §4. 


Let  p — 
h = 
A = 

a — 
V = 

Then, 


Then,  A — x ^ 


THE  PYRAMID  AND  CONE. 

Let  p = perimeter  of  base; 

.y  = slant  height; 
h — altitude ; 
a ■=  area  of  base; 

A — convex  area; 

A^  — total  area; 

V — volume. 


Then, 


A 

A. 

V 


If. 

2 ’ 

a h 

T‘ 


Art.  138,  § 4 


Art.  139,  § 4. 
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FRUSTUM  OF  PYRAMID  OR  CONE. 

Let  P — perimeter  of  lower  base; 
p = perimeter  of  upper  base; 
s — slant  height; 
k — altitude; 

A — area  of  lower  base ; 
a — area  of  upper  base ; 

N = convex  area; 

vS'j  = area  of  total  surface; 

V — volume. 

Then,  5 = . ) Art.  141,  g 4. 

5,=  S + A+a;  ) 

r=  I (.!+«  + rZ^).  Art.  142,  §4. 
o 


THE  WEDGE. 


Let  w = width  of  base; 

h — perpendicular  distance  from  base  to  edge; 
s — sum  of  lengths  of  the  three  parallel  edges; 
V = volume. 

Then,  V = Art.  144,  § 4.. 


THE  PRISMOIDAU  FORMULA. 

Let  A — area  of  one  end  of  prismoid ; 
a — area  of  other  end ; 

M — area  of  middle  section ; 
h r=  distance  between  ends; 

V — volume. 

Then,  F = +«  + 4 A/).  Art.  141,  § 4. 

The  area  of  the  middle  section  is  not  in  general  a mean 
between  the  end  areas,  but  the  lengths  of  its  sides  are 
means  between  the  corresponding  lengths  on  the  ends. 
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TIIK  SPHERE. 


Let  d — diameter  of  sphere; 

A = area  of  surfaee  of  sphere 
V — v'olume. 


Then,  A ^ ~ Art.  150,  g L 

V = ^d^  = .5230  d"‘-y  Art.  151,  § 4. 


RULES  AND  FORMULAS  USED  IN  ARCIIITEC- 
T URAL  EN  G 1 N EE  RING. 


Rule. — To  find  the  force  required  to  produce  equilibrium 
gf  moments,  when  the  moments  of  any  number  of  given  forces 
and  the  lever  arm  of  the  required  force  are  given,  divide  the 
algebraic  sujn  of  the  given  moments  by  the  length  of  the  given 
lever  arm.  If  the  algebraic  sum  is  positive,  the  tendency  of 
the  required  force  is  to  produce  left-hand  rotation;  if  nega- 
tive, the  tendency  of  the  force  is  to  produce  right-hand 
rotation.  Art.  35,  § 5. 


Let  P — total  stress  in  pounds ; 

A = area  of  cross-section  in  square  inches; 

A = unit  stress  in  pounds  per  square  inch. 

Then,  A = -^,  ov  P = A A.  (1.)  Art.  55,  § 5. 

That  is,  the  total  stress  is  equal  to  the  area  of  the  section 
multiplied  by  the  unit  stress. 

Let  I = length  of  body  in  inches; 
e = elongation  in  inches; 
s = unit  strain. 


THE  PRIXCIPEE  OE  MOMENTS, 


.ST1{ESS  AND  STR.VIN 


e 


Is. 


Then, 


s 


(2.)  Art.  57,  § 0. 
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I.OXG  COI.FMXS. 

Wood  Columns. — 

Let  N = ultimate  compressive  strength  per  square  inch 
of  sectional  area  of  the  column; 

U = ultimate  compressive  strength  of  the  material 
per  square  inch  parallel  to  the  grain; 

L — length  of  column  in  inches; 

D ~ length  of  least  side  of  column  in  inches. 

Then,  5 = (3.)  Art.  70,  § 6. 

Cast-Iron  Coin  inns. — 

N = ultimate  strength  per  square  inch  of  cross-section; 
U = ultimate  compressive  strength  per  square  inch  of 
the  material  composing  the  column  (for  cast  iron 
U may  be  taken  as  81,(100); 

L = length  of  column  in  inches; 

= square  of  the  radius  of  gyration. 

N = . (4.)  Art.  73,  § 5. 

The  values  of  for  the  cross-sections  in  ordinary  use 
are  given  in  the  table  “Square  of  the  Least  Radius  of 
Gyration.  ” 


STREXGTII  OF  liF.AMS. 

Resisting:  Moment. — 

lliile. — To  find  the  ultimate  resisting  moment  of  a beam, 
multiply  the  section  modulus  by  the  modulus  of  rupture  of 
the  material  of  iv  hi  eh  the  beam  is  composed.  Art.  100,  § 5. 

Section  Modulus  of  Reetangjular  Section. — 

Let  K section  modulus; 

d = depth  of  beam  in  inches ; 
b = breadth  or  width  of  beam  in  inches. 


Then,  K = — . 
’ G 


(15.)  Art.  101,  § 5. 
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Uiiiforinly  Distributed  Load  Ileqiiired  to  Break  a 
:^ain. — 

Let  K = the  section  modulus  of  the  beam; 

A = modidus  of  rupture  of  the  material; 

L = span  of  beam  in  feet; 

B = breaking  load  of  rectangular  beam. 


8 

Then.  B = - 


2 A' A 
:5A  • 


Art.  102,  §5. 


Ai)proxiniate  Section  Modulus  of  I Beam  or 
Chaniiel. — 

Let  a = sectional  area  of  I beam  or  channel; 
h — depth  of  I beam  or  channel; 

A',-  = section  modulus  of  I beam ; 

= section  modulus  of  channel. 

Then,  approximately,  A'-  = Art.  1 05,  § 5. 

O. 

a;  = (18.)  Art.  lO.l.lS. 


Stone  Beams. — 

Let  W — safe  uniformly  distributed  load  in  tons  of 
2,000  pounds; 

b = breadth  of  beam  in  inches; 
d — depth  of  beam  in  inches; 

/ = span  of  beam  in  inches; 

f = a coefficient  taken  from  the  table  given  below: 
Then,  jr  = (10.)  Art.  113,  §5. 


Table  of  Coefficients. 

Material. 

Rluestone 

Granite 

Limestone ; 

Sandstone 

Slate  


Coefficient  f. 
, . o . 1 8 
. . 0.12 
o . lO 
. . o . o8 
..  o.  3O 


§ 
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THE  XEUTUAE  AXES. 

Rule. — To  find  the  neutral  axis  of  any  see t ion,  first 
divide  it  into  a number  of  simple  parts,  the  areas  and  centers 
of  gravity  of  xvhich  can  be  readily  found ; then  find  the 
sum  of  the  moments  of  the  areas  of  each  of  these  parts  uhth 
respect  to  an  axis  parallel  to  the  required  neutral  axis. 
Finally,  divide  this  sum  by  the  sum  of  the  areas  of  the  parts  of 
the  section,  and  the  result  ^vill  be  the  perpendicular  distance 
from  the  axis  of  the  origin  of  moments,  to  the  required  neutral 
axis.  Art.  3,  § 0. 


MOMENT  OF  INERTIA. 

Rule. — To  find  the  momoit  of  inertia,  with  respect  to  any 
axis  of  any  figure  whose  moment  of  inertia  zvith  respect  to  a 
parallel  axis  through  its  center  of  gravity  is  knozvn,  add  its 
moment  of  inertia  with  respect  to  the  axis  through  its  center 
of  gravity  to  the  product  of  its  area  multiplied  by  the  square 
of  the  distance  from  its  center  of  gravity  to  the  required 
axis. 

Let  T — the  required  moment  of  inertia; 

/ = moment  of  inertia  of  the  section,  with  respect 
to  the  axis  through  its  center  of  gravity  and 
parallel  to  the  given  axis; 
a — the  area  of  the  figure; 

r = the  distance  from  its  center  of  gravity  to  the 
required  axis. 

Then,  T = Ifar\  (1.) 

Since  the  moment  of  inertia  of  any  figure,  with  respect  to 
any  axis,  is  given  by  the  formula  T — I -fa  F,  if  we  denote 
the  sum  of  the  moments  of  the  separate  figures  making  up  a 
section,  with  re.spect  to  an  axis  through  the  center  of  gravity 
of  that  section,  by  2 T (in  which  the  Greek  letter  2,  read 
sigma,  means  sum  of),  we  have 

/,  = 2 /'  = ^I-\-aF),  (3.)  Art.  7,  § 6. 

which  is  a general  formula  frequently  used  to  denote  the 
moment  of  inertia  f of  any  built-up  section. 
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MOMENT  OF  UESISTANCE  AND  HENDING  MOMENT. 


Let  K 
I 

c 

S 

M 

Then, 


the  section  modulus; 

the  moment  of  inertia  with  respect  to  the  neu- 
tral axis; 

the  distance  from  the  neutral  axis  to  the  farthest 
edge  of  the  section; 

greatest  stress  in  any  fiber  of  a beam  subjected 
to  bending  stress; 
bending  moment. 

K = (.‘5.)  Art.  1),  § C>. 


M ^ S K = 


c 


(4.)  Art.  1 (),  § G. 


Let  R 
A 


I = 


Then. 


R.VDirS  OF  GYK.VnON. 
radius  of  gyration  of  section; 
area  of  section; 
moment  of  inertia. 

7 


R^  = 4- 

A 


(5.) 

(<>.)  Art.  11,  go. 


STEED  CX)DFMNS. 

Let  A = the  ultimate  breaking  strength  of  the  column  in 
pounds  per  square  inch  of  section; 

U = the  idtimate  compressive  strength  of  the  material 
in  pounds  per  square  inch ; 

L — the  length  of  the  columns  in  inches; 

R — the  least  radius  of  gyration  of  the  section. 

For  a column  with  hinged  ends, 

U 


18,000  R^ 


{!.)  Art.  i;i,  §6. 
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For  a column  with  flat  or  square  ends, 

5 = (»•)  Art.  14,  § 6. 

^ 24,000  R‘ 

For  a column  with  fixed  ends, 

A = . (9.)  Art.  15,  § 6. 

^ 3G,U00  R‘ 


FACTOUS  OF  SAFETY  FOU  COEUMNS. 

Let  F = required  factor  of  safety; 

/ = length  of  strut  in  inches; 

R = least  radius  of  gyration  of  section. 

Assuming  a minimum  factor  of  safety  of  3 for  very  short 
struts,  the  factors  prescribed  by  good  practice  for  longer 
struts  with  flat  or  fixed  ends  are  given  by  the  formula 

A'=3  + .01^;  (10.) 

and  for  struts  with  round  or  hinged  ends, 

7^=3  + . 015^.  (11.)  Art.  17,  §G. 


Let  t = 
R = 
A = 


■d  =z 


Then, 


THICKNESS  OF  WEH-l’EATE. 

thickness  of  the  web-plate ; 
greatest  reaction  or  maximum  shear; 
safe  shearing  resistance  of  the  material  per 
square  inch; 

net  depth  of  the  web-plate  after  all  the  rivet 
holes  have  been  deducted. 

/ = (Iti.)  Art.  38,  §G. 

a o 


KKSISTANCE  OF  WKH-PEATE  TO  BUCKLING. 

Let  B = resistance  of  the  web  to  the  buckling,  in 
pounds  per  square  inch ; 
d — depth  of  the  web-plate  in  inches; 
t = thickness  of  the  web-plate  in  inches. 
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Then,  B = ~ -•  (13.)  Art.  89,  § 6. 


' 3,ouu  r 

If  the  value  of  B given  by  this  formula  is  less  than  the 
unit  shearing  stress,  the  girder  should  be  stiffened. 


PUACTICAn  liUnE  roK  stiffeners. 

Itiile. — Provide  stiffeners  whenever  the  thickness  of  the 
web-plate  is  less  than  of  its  total  depth. 


Let  A — net  area  of  one  flange  in  square  inches; 

D = depth  of  the  girder  in  feet; 

N = safe  fiber  stress  per  .square  inch  of  the  material ; 
M = bending  moment  on  the  girder  in  foot-pounds. 


EENGTH  OF  FLANGE  1*LATES. 

Let  / = theoretical  length  in  feet  of  the  plate  in  question ; 
L — the  length  of  the  girder  in  feet; 
a — net  area  of  all  the  plates  to  and  including  the 
plate  in  question,  beginning  with  the  outside 
plate ; 

A = total  net  area  of  the  entire  flange. 


BENDING  MOMENT  ON  GIRDER  DUE  TO  CONCENTRATED 


Let  J/  = maximum  bending  moment; 

W — load  on  the  girder; 

L = span ; 

a =■  distance  that  the  load  is  located  from  one 
abutment; 

b = distance  from  the  other  abutment. 


1 


AREA  OF  FLANGES  OF  GIRDER. 


Then,  A = (14.)  Art.  43,  § G. 


Then, 


(15.)  Art.  44,  § G. 


LOAD. 


Then,  M= 


(10.)  Art.  40,  § 6. 


§ § <^,  'i' 
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SAFK  I.OADS  FOR  RFCTAXtiFFAR  REAMS. 

Let  K — section  modulus  of  the  cross-section; 

A = safe  transverse  streng-tli  of  the  material; 
L = span  of  the  beam  in  feet; 

W — safe  load. 

For  a uniformly  distributed  load, 

W = -A  (IT.)  Art.  «r>,  §G. 

For  a concentrated  load, 

= It-  § “• 


FOIIMI  LAS  ITSED  IX  MASOXllY. 


Let 


Then, 


SAFE  EOAI>S  FOR  lULES. 

h =■  fall  of  hammer  in  inches; 
ir  = weight  of  hammer  in  pounds; 
a = penetration  at  last  blow  in  inches; 
P = safe  load  in  pounds. 

P = ^.  Art.  TT,  §7. 

Srt: 


SIZE  AND  THICKNESS  OF  STONE  FEAGGINO  FOR  SIDEM  AI.KS. 


Let  /?  :=  width  of  stone  in  inches; 

d = thickness  of  stone  in  inches; 

/ = distance  between  bearings  in  inches; 

A — constant  from  table; 

ir  = breaking  load  at  center  of  span; 

IT'  = breaking  load  uniformly  distributed  over  span. 


Then, 


JF  = 
IF'  = 


A b 
I ’ 

2 A b d"^ 
7 ■ 


Art.  123,  § 7. 


The  following  table  gives  the  value  of  A in  the  above 
formula,  in  tons  of  2,000  pounds,  according  to  the  different 

materials  used : 

7-6 
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Bluestone  Flagging 744 

Quincy  Granite 624 

Little  Falls  Freestone 576 

Belleville,  N.  J.,  Freestone 480 

Connecticut  Freestone 312 

Dorchester  Freestone . .264 

Aiibigny  F reestone 216 

Caen  Freestone 144 

Glass 1. 000 

/ 1.200 

Slate ■)  to 

( 1.700 


STHEXGTII  OF  EITsTEl.S. 

Let  b — breadth  of  lintel  in  inches; 

d — depth  in  inches; 

L — span  in  feet; 

A = constant; 

jr  = breaking  load  in  pounds., 

Then,  ^ 

The  values  of  the  constant  A are  as  follows: 

Bluestone 

Granite 

Limestone 

Marble 

vSlate 

Sandstone 


150 

1 00 
90 
1 20 
300 
70 


HULKS  FSKI)  IX  STAIR  lU  ILDIXG. 


PT?oi»oin  ioxix(;  tkfads  and  hisers. 

Three  rules  will  be  given,  of  which  the  first  is  the  sim- 
plest  and  is  generally  preferred. 

Rule  T. — Let  the  product  of  the  tread  and  riser  equal  the 
number  GG. 
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llulc  II. — To  any  given  height  of  riser  in  inches,  add  a 
number  that  xvill  make  the  sum  equal  12;  double  the  iiiimber 
added,  and  the  result  zvill  be  the  zvidth  of  the  tread  in  inches. 


Rule  111. — Drazu  a right  triangle,  as  shozvn  in  Fig.  2, 
zvith  a base  of  21^  inches  and  altitude 
of  11  inches.  Mark  the  zvidth  of  tread 
from  a on  line  a b,  as  a c ; at  c erect  a 
perpendicular,  cutting  the  hypotenuse 
at  e.  Then  ce  indicates  the  riser. 
Art.  '7,  § 11. 


FORMULAS  USED  IN  ELEUTRIC-LK;il T WIRING 
AND  15ELLWORK. 


OHM’S  HAW. 

The  strength  of  an  electric  currait  in  any  circuit  is 
directly  proportional  to  the  electromotive  force  developed  in 
that  circuit  and  inversely  proportional  to  the  resistance  of 
the  circuit;  i.  e.,  is  equal  to  the  quotient  obtained  by  divi- 
ding the  electromotive  force  by  the  resistance. 

Ohm’s  law  may  be  expressed  thus: 

,,  , . electromotive  force  , . ^ 

Strenecth  of  current  — ^ ^ . (1.) 

resistance 

Art.  5,  § 15. 

Let  A = electromotive  force  in  volts; 

R = resistance  in  ohms; 

C = current  in  amperes. 

Then,  ^ = R- 


RESISTANCE  OF  CONOFCTORS. 

Let  R = required  resistance; 

L = length  of  conductor; 

A’,  = resistance  per  1,000  feet  of  conductor. 

1,000' 


Then,  R 


(3.)  Art.  lO,  § 15. 
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WIKING  CALCULATIONS. 

Let  = resistance  per  foot  of  wire; 

E — drop  of  potential  in  volts; 

C — current  in  amperes; 

N — number  of  lamps ; 

L — length  of  wire  in  feet; 

F — distance  in  feet  between  point 
of  supply  and  lamps; 

A = area  of  wire  in  circular  mils. 


Then, 


E 

CL' 


(4.)  Art.  01,  § 15. 


For  110-volt  circuit, 

p - iL. 

- -y//> 


and 


E = RjNF. 


For  a 55-volt  circuit, 

J ~ 2 NE' 


and 


E = %R,NF. 


(5.)  Art.  01,  § 15. 
(8.)  Art.  05,  § 15. 

(0.)  Art.  04,  15. 

(7.)  Art.  05,  §15. 


Ileiivy  Comliietors. — 


A = 


10  %N F 

Ji  • 


(D.)  Art.  08,  § 15. 


Drop  of  I’otciitial. — 

Let  V'  = initial  voltage; 

V — voltage  at  lamp  terminals; 

E — drop  in  volts; 
p — rate  per  cent,  of  loss. 

Art  70,  § 15. 

E = V'-V.  (11.)  Art.  70,  § 15. 


Conductors  for  Three- Wire  System. — 

Using  the  symbols  previously  given, 

- nf 


(IJi.)  Art.  71,  §15. 


0/3 
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The  resistance  per  foot  of  the  conductor  in  a 110-220  volt 
three-virL  system  is  equal  to  tivice  the  drop  in  volts  divided 
by  the  lamp  feet. 


For  large  conductors,  the  area  in  circular  mils  is 
10.8  A"  A b.\  N F 


A 


t E 


E 


(IB.)  Art.  71,  §15. 


Ifule. — In  determining  the  safe  carrying  capacity  of  con- 
ductors for  the  thrcc-ivirc  system,  remember  that,  with  the 
same  number  and  kind  of  lamps,  the  conductor  carries  only 
one-half  the  current  of  a conductor  installed  on  the  multiple- 
arc  system. 


IIUI.KS  USED  IN  PUUMHINd  AND  (J AS-Ul TTlNCi. 


MEASUHE.MENT  OF  FKESSirUES. 

P.cssures  which  have  been  measured  in  inches  of  water 
or  mercury,  may  be  translated  into  ])ounds  per  square  inch 
or  scpiare  foot,  by  multiplying  the  reading  by  the  following 
figures; 

One  inch'Tif  water  at  G'.i°  = 5.2  lb.  per  square  foot. 

One  inch  of  water  at  G2°  = .(KiGl  lb.  per  square  inch. 

One  inch  of  mercury  at  G2°  = .48!)7  lb.  per  square  inch. 

Pressures  per  square  inch  or  square  foot  may  be  converted 
into  inches  or  feet  of  water,  or  inches  of  mercury,  by  multi- 
plying the  pressures  by  the  following  figures: 

One  pound  per  square  foot  = .1023  inch  of  water  at  G2°. 

One  pound  per  square  inch  = 27.7  inches  of  water  at  G2°. 

( )ne  pound  per  square  inch  = 2. 042  inches  of  mercury  at 


I^IGIIT  IlEQl  IHEI)  EOK  ROOMS. 

The  rule  commonly  used  for  computing  the  number  of 
ordinary  5-foot  Ratswing  burners  which  will  be  required  to 
properly  illuminate  a church  or  other  large  room,  is  as 
follows- 
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— Divide  the  area  of  the  floor  of  the  room  by  Jf);  the 
quotient  will  be  the  number  of  burners  required. 

If  there  are  baleonie.s,  etc.,  extra  lights  must  be  provided 
for  them  by  the  same  ride.  The  divisor  g-iven  may  be 
varied  from  40  to  80  to  suit  smaller  rooms,  such  as  are 
found  in  ordinary  dwellings.  The  reflection  from  the  walls 
is  proportionally  greater  in  small  rooms;  therefore,  a less 
number  of  burners  is  required  in  proportion  to  the  actual 
floor  space. 


UULES  AND  FORMULAS  USED  IX  IIEATIXO 
AXI)  VEXTILATIOX  OF  JiUlLDlXOS. 

LIXKAK  EXPANSION  IIV  HEAT. 

The  ex]iansion  or  contraction  of  a bar  or  pipe,  having  a 
given  length  that  will  be  caused  by  any  given  change  in  its 
temperature,  may  be  found  as  follows:  • 

Rule. — Multiply  the  length  in  feet  by  the  number  of 
degrees  of  e ha nge  in  temperature.  Multiply  this  product  by 
the  coejflcient  for  the  material  employed  given  in  the  table 
Coefpieients  of  Linear  Expansion."  The  result  will  be  the 
change  in  length  in  inches.  Art.  17,  § 17. 


HEAT  AHSOUHEl)  OH  (HVEX  UP  HY  A HODV  HUHING 
A GIVEN  CHAN(JE  OF  TEM  PEHATUHE. 

Rule. — To  find  the  niunber  of  B.  T.  U.  required  to  raise 
the  temperature  of  a body  a given  number  of  degrees,  multiply 
the  specific  heat  of  the  body  by  its  zveight  in  pounds  and  this 
product  by  the  number  of  degrees  rise  in  temperature. 

Denote  the  number  of  B.  T.  U.  required  by  U,  the  spe- 
cific heat  by  c,  the  weight  by  \V,  and  let  t and  t ^ be  the  tem- 
peratures before  and  after  the  heat  is  applied,  respectively. 

Then,  U = eU^(t^-t).  Art.  ‘^1,  § 17. 

In  case  the  body  gives  up  heat,  t will  be  greater  than 
and  the  heat  given  up  will  be  found  from  the  formula 
U ^ c lV(t  - tj. 
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HEAT  rOXTAIXEI)  IN  AIK. 


The  following-  rnle  may  be  used  to  compute  the  quantity 
of  heat  which  will  be  given  off  by  a current  of  hot  air,  of  a 
given  volume  per  minute,  in  cooling  through  any  given 
number  of  degrees; 


Ivulo. — Multiply  together  the  given  volume  of  the  air  in 
eubie  feet,  the  number  of  degrees  throiigh  whieh  it  is  eooled, 
and  the  number  given  in  eolumns  3 and  0 of  the  table  “ Prop- 
erties of  Air,”  for  the  original  temperature.  Divide  this 
product  by  the  original  temperature,  and  the  quotient  %vill  be 
the  amount  of  heat  given  off  in  heat  units.  Art.  iil),  § 17. 

Let  V = volume  of  air  flowing  per  minute; 
t =.  original  temperature  of  air; 

= temperature  to  which  air  is  cooled; 

//  = B.  T.  U.  given  up  by  1 cubic  foot  of  air  in  cool- 
ing from  t°  to  0° ; taken  from  the  table  ‘ ‘ Pro- 
perties of  Air  ”; 

U = heat  given  off  by  air  per  minute,  in  B.  T.  U. 


Then, 


vint-tp 


A'OEUME,  WEIGHT,  AND  TEMPERATURE  OF  AIR. 

The  change  of  the  volume  of  a given  weight  of  air  due  to 
a given  change  of  temperature  may  be  found  as  follows, 
the  pressure  being  supposed  to  remain  constant: 

Kiile. — Reduce  both  the  original  and  the  final  tempera- 
tures to  absolute  temperatures.  Multiply  the  original  volume 
by  the  final  absolute  temperature  and  divide  by  the  original 
absolute  temperature.  The  quotient  ivill  be  the  final  volume. 

Let  V = original  volume; 

V,  = final  volume ; 

T — original  absolute  temperature; 

= final  absolute  temperature. 


Then, 


Art.  Bl,  § 17. 
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§17 

At  constant  pressure  the  weight  of  a given  volume  of  air 
is  inversely  proportional  to  its  absolute  temperature.  Let  IF 
denote  the  weight  of  a volume  of  air  at  the  absolute  tempera- 
ture 7",  and  the  weight  of  an  equal  volume  at  the  abso- 
lute temperature  T/,  then, 

Jl^:  U\::  7\  : T; 

WT  ir  T 

or,  U;  = and  Art.  82,  § 17. 


IIlTMiniTY. 

Having  found  the  dew  point,  the  following  rule  may  be 
used  to  compute  the  relative  humidity: 

Rule. — Ascertain  from  the  table  “ Weight  of  Hater  Vapor” 
the  weight  of  a enbie  foot  of  vapor  at  the  dezu  point ; divide 
this  by  the  iveight  of  a enbie  foot  of  vapor  at  the  tcinpcra- 
tnre  of  the  atmosphere  and  the  quotient  gives  the  relative 
liiiiiiidity.  Art.  89,  § 17. 

The  following  rule  may  be  used  to  find  the  amount  of 
water  which  nnist  be  evaporated  and  added  to  the  air  supply 
to  maintain  any  certain  degree  of  humidity. 

Rule. — A seer  tain  the  weight  of  moisture  in  the  air  before 
it  is  heated,  and  eompute  the  weight  of  moisture  required  to 
produee  the  desired  degree  of  humidity  in  the  same  weight  of 
air  at  the  temperature  at  whieh  it  is  to  be  used ; the  differ- 
enee  between  the  quantities  of  moisture  thus  found  will  be  the 
amount  of  moisture  to  be  supplied.  Art.  41,  § 17. 


RAinATOR  SlUtFACK:  UAI.DWTA 'S  m^FF. 

Rule. — Divide  the  differenee  in  temperature  between  that 
at  whieh  the  room  is  to  be  kept  and  the  eoldest  outside  atmos- 
phere, by  the  differenee  between  the  temperature  of  the  steam 
pipes  and  that  at  whieh  you  wish  to  keep  the  room,  and  the 
quotient  will  be  the  square  feet  or  fraetion  thereof  of  plate  or 
pipe  surfaee  to  eaeh  square  foot  of  glass,  or  its  equivalent  in 
zvall  surface.  Art.  92,  § 17. 
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Let  N 


s 

t 

K 

U 

Then, 


amount  of  radiating  surface  required  to  counter- 
act the  cooling  effect  of  the  glass  and  its  equiva- 
lent in  exposed  wall  surface  in  square  feet; 
number  of  square  feet  of  glass  and  its  equiva- 
lent in  exposed  wall  surface ; 
desired  temperature  of  the  room; 
temperature  of  the  heating  surface ; 
temperature  of  the  external  air. 

A = Art  93,  § 17. 

I . I 


When  lathed-and-plastered  brick  walls  are  used,  it  is  safe 
to  estimate  that  about  10  square  feet  of  wall  surface  will  be 
equivalent  in  cooling  power  to  1 square  foot  of  glass;  con- 
sequently, 

wall  surface  . , , . 

— = equivalent  glass  surface. 


The  heating  surface  given  by  Baldwin’s  rule  compensates 
only  for  the  amount  of  heat  lost  by  transmission  through  the 
windows,  walls,  and  other  cooling  surfaces.  It  does  not 
provide  for  cold  air  entering  the  room  through  loosely  fitting 
doors,  windows,  etc.,  and  an  ample  allowance  must  be  made 
for  this.  Some  buildings  are  so  poorly  constructed  that  50 
per  cent,  or  more  must  be  added  to  the  amount  of  heating 
surface  obtained  by  the  above  rule  in  order  to  counteract 
the  cooling  effect  of  these  air  leakages.  A common  practice 
is  to  add  25  per  cent,  for  buildings  of  ordinary  good  con- 
struction. Besides  this  addition  for  air  leakage,  an  ample 
allowance  should  be  made  for  rooms  exposed  to  cold  winds, 
and  this  allowance  should,  if  possible,  be  made  in  the  form  of 
an  auxiliary  radiator  to  prevent  overheating  the  rooms  during 
moderate  weather. 


VOLUME  AXU  TEMPEUATUKE  OF  IIOT-Alll  SUPPLY. 

The  loss  of  heat  per  hour  by  conduction  through  windows, 
walls,  etc.,  the  temperature  of  the  hot-air  supply,  and  the 
desired  temperature  of  the  room  being  given,  the  required 
volume  of  hot  air  per  hour  may  be  computed  by  the  follow- 
ing rule ; 
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Rule. — Multiply  the  amount  of  heat  lost  by  conduction  per 
hour,  in  heat  units,  by  58;  divide  the  result  by  the  difference, 
in  degrees,  between  the  given  temperature  of  the  room  and 
that  of  the  hot-air  current.  The  quotient  zoill  be  the  required 
volume  of  hot  air,  in  cubic  feet  per  hour.  Art.  lOO,  g 17. 

The  volume  of  hot-air  supply  is  g'enerally  determined  by 
the  requirements  of  ventilation,  and  its  temperature  is  made 
just  sufficient  to  afford  the  amount  of  heat  required. 

The  desired  volume  of  the  fresh-air  supply  in  cubic  feet 
per  hour,  the  amount  of  heat  lost  by  conduction,  in  heat 
units  per  hour,  and  the  desired  temperature  of  the  rooms 
being  given,  the  following  rule  may  be  used  to  compute  the 
temperature  which  the  hot  air  should  have  on  entering  the 
rooms: 

Rule. — Multiply  the  amount  of  heat  lost  by  conduction,  in 
heat  units  per  hour,  by  58,  and  divide  the  result  by  the  given 
volume  of  the  air-current.  Add  the  quotient  to  the  desired 
temperature  of  the  room  ; the  sum  will  be  the  required  tem- 
perature of  the  hot-air  supply.  Art.  101,  § 17. 


SIZE  OF  STEAM  PIPES. 

The  size  of  steam  mains,  or  principal  risers,  may  be  com- 
puted by  the  following  rule: 

Itiile. — Divide  the  amount  of  direct  heating  surface  in 
square  feet  by  100  ; divide  the  quotient  by  . 785 and  extract 
the  square  root  of  the  quotient  thus  obtained ; the  result  zvill 
be  the  diameter  of  the  pipe  in  inches.  Art.  l(>ti,  §17. 

Rule. — To  find  the  amount  of  radiator  surface  that  may 
be  properly  supplied  by  any  given  size  of  pipe,  multiply  the 
square  of  the  diameter  of  the  pipe  in  inches  by  . 7851^ ; then 
multiply  the  result  by  100  ; the  result  is  the  total  amount  of 
heating  surface,  in  square  feet,  zvhich  the  pipe  xvill  supply. 
Art.  1<>:1,  § 17. 

Let  H ■=  direct  heating  surface  in  square  feet; 
d — diameter  of  steam  pipe. 
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§ 17 

and  //=  78.54  ^* 


.SIZE  OF  HOT- AIR  PIPES. 

It  is  common  practice  to  proportion  the  area  of  hot-air 
pipes  to  the  cubical  contents  of  the  rooms  which  they  supply. 
The  area  of  the  pipe  in  square  inches  may  be  found  by  the 
following'  rule : 

Rule. — For  rooms  on  the  first  fioor  having:;  only  a moderate 
exposure,  divide  the  voluine  of  the  room  in  eubie  feet  by  SO, 
or  by  25  to  20  for  rooms  having  great  exposure.  Art.  ‘^40, 
§17. 

For  second-floor  rooms  the  divisor  may  range  from  35  to 
25,  and  for  third-floor  rooms,  from  40  to  30. 

A more  accurate  method  is  to  proportion  the  area  of  the 
pipes  to  the  cooling  surfaces  in  the  rooms.  This  may  be 
done  by  the  use  of  the  following  rule: 

Rule. — For  rooms  on  the  first  fioor,  add  together  the  total 
glass  surfaee  and  ^ of  the  area  of  the  exposed  walls  in  square 
feet,  and  multiply  the  total  by  1.5  ; the  product  is  the  proper 
area  of  the  pipe  in  square  inches.  For  second-story  rooms, 
multiply  by  1 to  1.25,  according  to  the  exposure  ; and  for  the 
third  story,  by  .75  to  1.  Art.  1^41,  § 17. 

The  stacks,  or  wall  flues,  are  usually  flattened  in  form, 
and  incur  more  friction  than  the  leader  pipes,  which  are 
usually  round.  When  a stack  is  connected  to  a leader  of 
considerable  length,  the  area  of  the  latter  should  exceed 
that  of  the  former  by  20  to  30  per  cent.,  or  even  more  in 
extreme  cases. 

If  the  quantity  of  air  required  per  minute  is  known,  the 
area  of  the  air  pipe  may  be  found  by  dividing  this  quantity 
by  the  velocity  of  the  air-current  in  feet  per  minute.  In  all 
ordinary  cases  the  velocity  of  the  air-current  may  be  safely 
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assumed  at  4 feet  per  second  at  the  first  floor,  5 feet  at  the 
second  floor,  and  G feet  per  second  at  the  third  floor. 

Another  method,  equally  good,  is  to  assume  that  07ic 
square  inch  of  stack,  or  flue,  area  %vill  supply  100  cubic  feet  of 
air  per  hour  at  the  first  floor,  125  at  the  second,  aiid  150  at 
the  third  floor. 

It  is  assumed  in  all  of  the  foregoing  rules  that  the  average 
temperature  of  the  hot  air  in  the  flues  is  about  120°,  and  that 
the  air  is  moved  solely  by  natural  draft.  Art.  § 17. 
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